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PREFACE. 


Soon after I was appointed Professor of Sanskrit and 
Comparative Philology in the Presidency College at 
Madras, and in that capacity took charge of the office of 
the Curator of the Government Oriental Manuscripts 
Library, the late Mr. G. H. Stuart, who was then the 
Director of Public Instruction, asked me to find out if 
in the Manuscripts Library in my charge there was 
any work of value capable of throwing new light 
on the history of Hindu, mathematics, and to publish 
it, if found, with an English translation and with 
such notes as were necessary for the elucidation of 
its contents. Accordingly the mathematical manu- 
scripts in the Library were examined with this object 
in view; and the examination revealed the existence 
of three incomplete manuscripts of Mahavlracarya’s 
G emit a -sara-sangrah a. A cursory perusal of these manu- 
scripts made the value of this work evident in 
relation to the history of Hindu Mathematics. The 
late Mr. G. H. Stuart’s interest in working out this 
history was so great that, when the existence of the 
manuscripts and the historical value of the work were 
brought to Ms notice, he at once urged me to try to pro- 
cure other manuscripts and to do all else that was 
necessary for its proper publication. He gave me much 
advice and encouragement in the early stages of my 
endeavour to publish it and I can well guess how it 
would have gladdened his heart to see the work published 
in the form he desired. It has been to jne a source of 
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very keen regret that it did not please Providence to 
allow him to live long enough to enable me to enhance 
the value of the publication by means of his continued 
guidance and advice; and nay consolation now' is that it 
is something to have been able to carry out what he with 
scholarly delight imposed upon me as a duty. 

Of the three manuscripts found in the library one 
is written on paper in Grautha characters, and contains 
the first five chapters of the work 'with a running 
commentary in Sanskrit ; it has been denoted here by 
the letter P. The remaining two are palm-leaf manu- 
scripts in Kanarese characters, one of them containing, 
like P, the first fire chapters, and the other the seventh 
chapter dealing with the geometrical measurement of 
areas. In both these manuscripts there is to . be 
found, in addition to the Sanskrit text of the original 
work, a brief statement in the Kanarese language of 
the figures relating to the various illustrative problems as 
also of the answers to those same problems. Owing to 
the common characteristics of these manuscripts and 
also owing to their not overlapping one another in respect 
of their contents, it has been thought advisable to look 
upon them as one manuscript and denote them by K. 
Another manuscript, denoted by M, belongs to the Gov- 
ernment Oriental Library at Mysore, ami was received 
on loan from Mr. A. Mnhadeva Snstri, n.u, the Curator 
of that institution. This manuscript is a transcription 
on paper in Kanarese characters of an original palm-leaf 
manuscript belonging to a .iaina Pandit, and contains 
the whole of the work with a short commentary in the 
Kanarese language by one Vallabha, who claims to be 
the author of also a Telugu commentary on the same 
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work. ' Although incorrect in many places, it proved 
to be of great value on account of its being complete and 
containing the Kanarese commentary ; and my thanks 
are specially due to Mr. A. Mahadeva Sastri for his leaving 
it sufficiently long at my disposal. A fifth manuscript, 
denoted by B, is a transcription on paper in Kanarese 
characters of a palm-leaf manusci’ipt found in a Jaina 
monastery at Mudbidri in South Canara, and was obtained 
through the kind effort of Mr. R. Krishnamacharyar, m.a., 
the Sub-assistant Inspector of Sanskrit Schools in 
Madras, and Mr. U. B. Venkataramanaiya of Mudbidri. 
This manuscript also contains the whole work, and 
gives, like K, in Kanarese a brief statement of the pro- 
blems and their answers. The endeavour to secure more 
manuscripts having proved fruitless, the work has had 
to be brought out with the aid of these five manuscripts ; 
and owing to the technical character of the work and its 
elliptical and often riddle-like language and the inaccu- 
racy of the manuscripts, the labour involved in bringing 
it out with the translation and the requisite notes has 
been heavy and trying. There is, however, the satisfac- 
tion that all this labour has been bestowed on a worthy 
work of considerable historical value. 

It is a fortunate circumstance about the Ganita-sdra- 
sangraha that the time when its author Mahaviracarya 
lived may be made out with fair accuracy. In the very 
first chapter of the work, we have, immediately after 
the two introductory stanzas of salutation to Jina Maha- 
vlra, six stanzas describing the greatness of a king, 
whose name is said to have been Cakrika-bhafijana, and 
who appears to have been commonly known by the title 
of A.ni6ghavarsa Nrpatunga ; and in the last of these 
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six stanzas there is a benediction wishing progressive 
prosperity to the rule of this King* The results of modern 
Indian epigraphical research show that this king Amo- 
ghavarsa bTrpatunga reigned from A.D. 814 or 815 to A.D. ; 

S77 or 878.* Since it appears probable that the author 
of the Gamfa-vdra-sangrafai was in some wav attached 
to the court of this Rastrakuta king Smogha versa ISTrpa- 
tunga, we may consider the work to belong to the middle 
of the ninth century of the Christian era. It is now | 

generally accepted that, among well-known early Indian 
mathematicians Aryabhata lived in the fifth, Varahami- 
hira in the sixth, Brahmagupta in the seventh and 
Bhaskaracarya in the twelfth century of the Christian 
era ; and chronologically, therefore, Muhaviracarya comes 
between Brahmagupta and Bhaskaracatya. This in itself 
is a point of historical noteworthiness ; and the further 
fact that the author of the Ganita-sdm-m ngrnka belonged 
to the Kanare.se speaking portion of South India in his ' 

days and was a Jaina in religion is calculated to give an | 

additional importance to the historical value of his work. 

Like the other mathematicians mentioned above, Maha- 
vlracarya was not primarily an astronomer, although he 
knew well and has himself remarked about the usefulness 
of mathematics for the study of astronomy. The study 
of mathematics seems to have been popular among Jaina 
scholars ; it forms, in fact, one of their four anuyogm or 
auxiliary sciences indirectly serviceable for the attainment 
of the salvation of soul-liberation known as rndksa. 

A comparison of the Ganita-sdra- sang r aha with the 
corresponding portions in the Bmhmasphaia-siddhdnta of 
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Brahmagupta is calculated to lead to the conclusion that, 
in all probability, Mahavlracarya was familiar with the 
work of Brahmagupta and endeavoured to improve upon 
it to the extent to which the scope of his Ganita-sara- 
sangraha permitted such improvement. Mahavlracarya’ s 
classification of arithmetical operations is simpler, his 
rules are fuller and he gives a large number of examples 
for illustration and exercise. Prthudakasvamin, the well- 
known commentator on the Brahmasphufa-siddhdnta, 
could not have been chronologically far removed from 
Mahavlracarya, and the similarity of some of the exam- 
ples given by the former with some of those of the latter 
naturally arrests attention. In any case it cannot be 
wrong to believe, that, at the time, when Mahavlracarya 
wrote his Ganiia-sdra-sangraha, Brahmagupta must have 
m been widely recognized as a writer of authority in the 
field of Hindu astronomy and mathematics. Whether 
Bhaskaracarya was at all acquainted with the Ganita- 
sdra-sangraha of Mahavlracarya, it is not quite easy to 
say. Since neither Bhaskaracarya nor any of his known 
commentators seem to quote from him or mention him 
by name, the natural conclusion appears to be that Bhas- 
karacarya’s Biddhan ta-Siromani, including his Lilavati 
and Bijaganita, was intended to be an improvement in 
the main upon the Brahmasphuta-siddhcmta of Brahma- 
gupta. The fact that Mahavlracarya was a Jaina might 
have prevented Bhaskaracarya from taking note of him ; 
or it may be that the Jaina mathematician’s fame had not 
spread far to the north in the twelfth century of the 
Christian era. His work, however, seems to have been 
widely known and appreciated in Southern India. So 
early as in the course of the eleventh century and perhaps 
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under the stimulating influence of the enlightened rule 
of Rajarajanarendra of Rajahmundry, it was translated 
into Telugu in verse by Pavuluri Mallana ; and some 
manuscripts of this Telugu translation are now to be 
found in the Government Oriental Manuscripts Library 
here at Madras. It appeared to me that to draw suit- 
able attention to the historical value of Mahaviracarya’s 
Ganita-sdra-sahgraha, I could not do better than seek 
the help of Dr. David Eugene Smith of the Columbia 
University of Ne\v York, whose knowledge of the history 
of mathematics in the West and in the East is known to 
be wide and comprehensive, and who on the occasion 
when he met mein person at Madras showed great inter- 
est in the contemplated publication of the Ganila-sdra- 
sangraka and thereafter read a paper on that work at the 
Fourth International Congress of Mathematicians held 
at Rome in April 1908. Accordingly I requested him to 
write an introduction to this edition of the Ganitasara - 
sangraha, giving in brief outline what he considers to be 
its value in building up the history of Hindu mathematics. 
My thanks as well as the thanks of all those who may as 
scholars become interested in this publication are there- 
fore due to him for his kindness in having readily com- 
plied with my request ; and I feel no doubt that his 
introduction will be read with great appreciation. 

Since the origin of the decimal system of notation 
and of the conception and symbolic representation of 
zero are considered to be important questions connected 
with the history of Hindu mathematics, it is well to point 
out here that in the Ganita-sara-sangmha twenty-four 
notational places are mentioned, commencing with the 
units place and ending with the place called mahdksobka. 
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and that the value of each succeeding place is taken to 
be ten times the value of the immediately preceding place. 
Although certain words forming the names of certain 
things are utilized in this work to represent various 
numerical figures, still in the numeration of numbers with 
the aid of such words the decimal system of notation is 
almost invariably followed. If we took the words moon, 
eye, fire, and sky to represent respectively 1, 2, K and 0, 
as their Sanskrit equivalants are understood in this work, 
then, for instance, fire-sky-mom-eye would denote the 
number 2103, and moon- eye-sky- fire would denote 3021, 
since these nominal numerals denoting -numbers are 
generally repeated in order from the units place upwards. 
This combination of nominal numerals and the decimal 
system of notation has been adopted obviously for the 
sake of securing metrical convenience and avoiding at 
the same time cumbrous ways of mentioning numerical 
expressions ; and it may well be taken for granted that for 
the use of such nominal numerals as well as the decimal 
system of notation Mahaviracarya was indebted to his 
predecessors. The decimal system of notation is distinctly 
described by Aryabhata, and there is evidence in his writings 
to show that he was familiar with nominal numerals. 
Even in his brief mnemonic method of reperesenting 
numbers by certain combinations of the consonants and 
vowels found in the Sanskrit language, the decimal 
system of notation is taken for granted ; and ordinarily 
19 notational places are provided for therein. Similarly 
in Brahmagupta’s writings also there is evidence to show 
that he was acquainted with the use of nominal numerals 
and the decimal system of notation. Both Aryabhata 
and Brahmagupta claim that their astronomical works 
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are related to the Brahma-siddhmta ; and in a -work of 
this name, which is said to form a part of what is called 
iSakalya.samh.iict and of which a manuscript copy is to he 
found in the Government Oriental Manuscripts Library 
here, numbers are expressed mainly by nominal numer- 
als used in accordance with the decimal system of 
notation. It is not of course meant to convey that this 
work is necessarily the same as what was known to 
Arayabhata and Brahmagupta; and the fact of its using 
nominal numerals and the decimal system of notation is 
mentioned here for nothing more than what it may be 
worth. 

It is generally recognized that the origin of the con- 
ception of zero is primarily due to the invention and 
practical utilization of a system of notation wherein the 
several numerical figures used have - place- values apart 
from what is called their intrinsic value. In writing 
out a number according to such a system of notation, 
any notational place may be left empty when no figure 
with an intrinsic value is wanted there. It is probable 
that owing to this very reason the Sanskrit word #unya, 
meaning ‘ empty came to denote the zero ; and when it 
is borne in mind that the English word ‘cipher’ is 
derived from an Arabic word having the same meaning 
as the Sanskrit Sanya , we may safely arrive at the 
conclusion that in this country the conception of the 
zero came naturally in the wake of the decimal system 
of notation : and so early as in the fifth century of the 
Christian era, Aryabhata is known to have been fully 
aware of this valuable mathematical conception. And 
in regard to the question of a symbol to represent this 
conception, it is well worth bearing in mind that opera- 
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tions with the zero cannot he carried on — not to say 
cannot he even thought of easily — without a symbol of 
some sort to represent it. Mahaviracarya gives, in the 
very first chapter of his Ganita-sara-s angraha, the results 
of the operations of addition, subtraction, multiplication 
and division carried on in relation to the zero quantity ; 
and although he is wrong in saying that a quantity, 
when divided by zero, remains unaltered, and should 
have said, like Bhaskaracarya, that the quotient in such 
a case is infinity, still the very mention of operations in 
relation to zero is enough to show that Mahaviracarya 
must have been aware of some symbolic representation of 
the zero quantity. Since Brahmagupta, who must have 
lived at least 150 years before Mahaviracarya, mentions 
in his work the results of operations in relation to the 
zero quantity, it is not unreasonable to suppose that 
before his time the zero must have had a symbol to 
represent it in written calculations. That even Arya- 
bhata knew such a symbol is not at all improbable. It is 
worthy of note in this connection that in enumerating 
the nominal numerals in the first chapter of his work, 
Mahaviracarya mentions the names denoting the nine 
figures from I to 9, and then gives in the end the names 
denoting zero, calling all the ten by the name of sanhhya: 
and from this fact also, the inference may well be drawn 
that the zero had a symbol, and that it was well known 
that with the aid of the ten digits and the decimal system 
of notation numerical quantities of all values may be 
definitely and accurately expressed. What this known 
zero-symbol was, is, however, a different question. 

The labour and attention bestowed upon the study and 
translation and annotation of the Ganita-sara-sangrahq 
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, made it clear to me that I was justified, in think- 
that its publication might prove useful in eluci- 
ig the condition of mathematical studies as they 
•ished in South India among the Jain as in the ninth 
ury of the Christian era ; and it has been to me a 
ee of no small satisfaction to feel that in bringing 
ihis work in this form, I have not wasted my time 
thought on an unprofitable undertaking. The value 
te work is undoubtedly more historical than matlie- 
cal. But it cannot be denied that the step by .step 
traction of the history of Hindu culture is a worthy 
avour, and that even the most insignificant labourer 
te field of such an endeavour deserves to be looked 
i as a useful worker. Although the editing of the 
Ih-sara-mngraha has been to me a labour of love and 
, it has often been felt to be heavy and taxing ; and 
herefore, consider that I am specially bound to 
owledge with gratitude the help which E have 
in relation to it. In the early stage, when 
and collating and interpreting the manuscripts 
the chief work to be done, Mr. M. B. Yaradaraja 
vngar, b.a , b.l , who is an Advocate of the Chief 
ri at Bangalore, co-operated with me and gave me 
mount of aid for which I now offer him my thanks. 
TIL Krishnaswami Aiyaugar, b.a., of the Madras 
iijtian College, has also rendered considerable assist- 
this manner ; and to him also I offer my thanks, 
ly I have had to consult on a few occasions Mr. 
Y&eshu Aiyar, b.a., l,t„ Professor of Mathematical 
" s in the Presidency College here, in trying to 
the rationale of some of the rules given in the 
■ and I am much obliged to him for his ready 
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willingness in allowing me thus to take advantage of his 
expert knowledge of mathematics. My thanks are, I 
have to say in conclusion, very particularly due to 
Mr. P. Yaradacharyar, b.a., Librarian of the Govern- 
ment Oriental Manuscripts Library at Madras, but for 
whose zealous and steady co-operation with me through- 
out and careful and continued attention to details, it 
would indeed have been much harder for me to bring out 
this edition of the Ganita-sara-sahgraha. 


February 1912, 

Madras. 


M. HANG A CHARY A. 





INTRODUCTION 


BY 

DAVID EUGENE SMITH, 

Professor of Mathematics in Teachers’ College, Colombia University, 

New York. 


We have so long been accustomed to tliinfe of Patallputra on 
the Granges and of Ujjain over towards the western coast of I nd ia, 
as the ancient habitats of Hindu mathematics, that we experience 
a kind of surprise at the idea that other centres equally impor tant 
existed among the multitude of cities of that great empire. In 
the same way we have known for a century, chiefly through the 
labours of such scholars as Oolebrooke and Taylor, the works of 
Aryabhata, Brahmagupta, and Bhaskara, and have come to feel 
that to these men alone are due the noteworthy contributions to 
be found in native Hindu mathematics. Of course a little reflec- 
tion shows this conclusion to be an incorrect one. Other great 
schools, particularly of astronomy, did exist, and other scholars 
taught and wrote and added their quota, small or large, to make 
up the sum total. It has, however, been a little discouraging 
that native scholars under the English supremacy have done so 
little to bring to light the ancient mathematical material known 
to exist and to make it known to the Western world. This 
neglect has not certainly been owing to the absence of material, 
for Sanskrit mathematical manuscripts are known, as are also 
Persian, Arabic, Chinese, and Japanese j and many of these are 
well worth translating from the historical standpoint. It has 
rather been owing to the fact that it is hard to find a man with 
the requisite scholarship, who can afford to give his tun e to what 
is necessarily a labour of love. 
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It is a pleasure to know that such a man lias at last appeared 
and that* thanks to his profound scholarship and great persever- 
ance, we are now receiving new light upon the subject of Oriental 
mathematic^ as known in another part of India and at a time 
about midway between that of Aryabhata, and Bhuskara, and 
two centuries later than Brahmagupta. The learned scholar, 
Professor M, Eahgacarya of Madras, some years ago became 
interested in the work of Mahaviraearva, and has now completed 
its translation, thus making the mathematical world his perpetual 
debtor ; and I esteem it a high honour to he requested to write 
an introduction to so noteworthy ! a work. 

Mahaviraearya appears to have lived in the court of an old 
much of Bustrakuta monarch, who ruled probably over much of 
what is now the kingdom of Mysore and other Kanarese tracts, 
and whose name is given as Amoghavam Nrpatiuiga, He is 
known to have ascended the throne in the first half of the ninth 
century A.D., so that we may roughly fix the date of the* treatise 
in question as about 850. 

The work itself consists, as will be seen, of nine chapters, like 
the of Bhaskara ; it has one more chapter than the Jftif 

fam of Brahma-gnpta. There is, however, no significance in this 
number, for the chapters are not at all parallel, although certain 
of the topics of Brahmagupta's Gantt a and Bhaskara T LlMwii 
are included in the 

In considering the work, the reader naturally repeats to him* 
self the great questions that arc so often raised j — How much of 
this Hindu treatment is original ? What evidences are there here 
of Greek influence ? What relation was there between the 
great mathematical centres of India F What is the distinctive 
'ieatnre 5 'i,f any, of the Hindu algebraic theory ? 

Such questions are not new, Davis and Straehey, Cbkhroake 
and Taylor, all raised similar ones a century ago, and they are by 
no means satisfactorily answered even yet* Nevertheless * we 
are making good progress towards their satisfactory solution in 
the not too distant future. The past century has seen several 
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Chinese and Japanese mathematical works' 'made'’ more or less 
familiar to the West ; and the more important Arab treatises are 
now quite satisfactorily known. Various editions of Bbaskara 
have appeared in India ; and in general the great treatises of the 
Orient have begun to be subjected to critical study. It would be 
strange, therefore, if we were not in a position to weigh up. with 
more certainty than before, the claims of the Hindu algebra. 
Certainly the persevering work of Professor Rahgacarya has made 
this more possible than ever before. 

As to the relation between the East and the West, we should 
now he in a position to say rather definitely that there is no 
evidence of any considerable influence of Greek algebra upon 
that of India. The two subjects were radically different. It is 
true that Diophantus lived about two centuries before the first 
Aryabhata, that the paths of trade were open from the West to 
the East, and that the itinerant scholar undoubtedly carried 
learning from place to place. But the spirit of Diophantus, 
showing itself in a dawning symbolism and in a peculiar type of 
equation, is not seen at all in the works of the East. None of his 
problems, not a trace of his symbolism, and not a bit of his phraseo- 
logy appear in the works of any Indian writer on algebra. On 
the contrary, the Hindu works have a style and a range of topics 
peculiarly tkeir own. Their problems lack the cold, clear, 
geometric precision of the West ; they are clothed iu that poetic 
language which distinguishes the East, and they relate to subjects 
that find no place in the scientific hooks of the Greeks. With 
perhaps the single exception of Metrodorus, it is only when we 
come to the puzzle problems doubtfully attributed to Alouin that 
we find anything in the West which resembles, even in a slig ht 
degree, the work of Alcuin’s Indian contemporary, the author of 
this treatise. 

It therefore seems only fair to say that, although some knowl- 
edge of the scientific work of any one nation would, even in 
those remote times, naturally have been carried to other peoples 
by some wandering savant, we have nothing in the writings of 
the Hindu algebraists to show any direct influence of the West 
upon their problems or their theories. 
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When we come to the question of the relation between the 
different sections of the East, however, we meet with more 
difficulty. What were the relations, for example, between the 
school of Pataliputra, where Aryabhata wrote, and that of Ujjain, 
where both Brahmagupta and Bhaskara lived and taught ? And 
what was the relation of each of these to the school down in 
South India, which produced this notable treatise of Mahilvira- 
oaiya ? And, a still more interesting question in, what can we say 
of the influence exerted on China, by Hindu scholars, or vice 
versa ? When we find one set of early inscriptions, those at Nana 
Ghat, using the first three Chinese numerals, and another of about 
the same period using the later forms of Mesopotamia, we feel 
that both China and the West may have influenced Hindu science.. 
When, on the other hand, we consider the problems of the great 
trio of Chinese algebraists of the thirteenth century, Ch’in Chiu- 
shang, Li Teh, and Chu Shih-chieh, we feel that Hindu algebra 
must have had no small influence upon the North of Asia, although 
it must be said that in point of theory the Chinese of that period 
naturally surpassed the earlier writers of India. 

The answer to the questions as to the relation between the 
schools of India cannot yet be easily given. At first it would seem a 
simple matter to compare the teratises of the three or four great 
algebraists and to note the similarities and differences. When 
this is done, however, the result seems to he that the works of 
Brahmagupta, Mahaviincarya, and Bhaskara may be described as 
similar in spirit but entirely different in detail. For example, 
all of these writers treat of the areas of polygons, but MalmirA- 
carya is the only one to make any point of those that are re-ent- 
rant. All of them touch upon the area of a segment of a ebcle, 
bat all give different rules. The so-called janya operation (page 
209) is akin to work found in Brahmagupta, and yet none of the 
problems is the same. Tho shadow problems, primitive cases of 
trigonometry and gnomonics, suggest a similarity among these 
three great writers, and yet those of Mahavlracarya are much 
better than the one to be found in either Brahmagupta or 
Bhaskara,: and no questions are duplicated. : 
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In the way of similarity, both Brahmagupta and Mahavira- 
earya give the formula for the area of a quadrilateral, 
V ($—<*) (5-6) (s-<?) (s~$) 

— but neither one " observes that it holds only for a cyclic 
figure. A few problems also show some similarity such as 
that of the broken tree, the one about the anchorites, and the 
common one relating tc the lotus in the pond, but these prove 
only that all writers recognized certain stock problems in the 
East, as we generally do to-day in the West. But as already 
stated, the similarity is in general that of spirit rather than of 
detail, and there is no evidence of any close following of one 
writer by another. . 

When it comes to geometry there is naturally more evidence 
of Western influence. India seems never to have independently 
developed anything that was specially worthy in this science. 
Brahmagupta and Mahaviracarya both use the same incorrect 
rules for the area of a triangle and quadrilateral that is found in the 
Egyptian treatise of Ahmes. So while they seem to have been 
influenced by Western learning, this learning as it reached India 
could have been only the simplest. These rules had long* since 
been shown by Greek scholars to be incorrect, and it seems not 
unlikely that a primitive geometry of Mesopotamia reached out 
both to Egypt and to India with the result of perpetuating these . 
errors. It has to be borne in mind, however, that Mahaviracarya 
gives correct rules also for the area of a triangle as well 
as of a quadrilateral without indicating that the quadrilateral 
has to be cyclic. As to the ratio of the circumference to the 
diameter, both Brahmagupta and Mahaviracarya used the old 
Semitic value 8, both giving also V 10 as a closer approximation, 
and neither one was aware of the works of Archimedes or of 
Heron. That Aryabhata gave 3* 1416 as the value of this ratio 
is well known, although it seems doubtful how far he used it 
himself. On the whole the geometry of India seems rather Baby- 
lonian than Greek. This, at any rate, is the inference that one 
would draw from the works of the writers thus far known. 

As to the relations between the Indian and the Chinese algebra, 
it is too early to speak with much certainty. In the matter of 
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problems there is a similarity in spirit, but we have not yet enough 
translations from the Chinese to trace any close resemblance. In 
each ease tbe questions proposed are radically different from those 
found commonly in the West, and we must conclude that the 
algebraic taste, the purpose, and the method were all distinct in 
the two great divisions of the world as then known. Katber than 
assert that tliv Oriental algebra was iurtummed In the Occidental,, 
we should sav that tin* reverse was the < a,. . I'mgd-nl. subjected 
to the influence of both the Hast and the MVt transmitted more 
to Europe than it did to India. Leonardo b in ’Jimvi, tor example, 
shows much more of the Oriental i nflucuee than ULskara, who 
was practically his contemporary, shows of the Ocei-l. nta!. . _ 

Professor Eangacarya. has, therefore, by his great contribution 
to the history of mathematics confirmed the view already taking 
rather concrete form, that India developed an algebra of her own ; 
that this algebra was set forth by several wriMv all imbued with 
the same spirit, but all reasonably independent of one another ; 
that India influenced Europe in the matter of algebra, more than 
it. was influenced in return ; that there was no native geometry 
really worthy of the name ; that trigonometry was practically 
non-existent save as import »d from U»* Ur ok astronomers ; 
and that whatever of geometry was developed came probably from 
Mesopotamia rather than from Greece. His labours have revealed 
to the world a writer almost unknown to European scholars, and 
a work that is in many respects the most scholarly of any to be 
found in Indian mathemetioal literature. They have given us 
further evidence of the fact that Oriental mathmnati.* lacks the 
cold logic,. the consecutive arrangement, an ! the abstract character 
of Greek mathematics, bui that it possesses a richness of imagin- 
ation, an interest in problem-setting, and poetry, all of which are 
lacking in the treatises of tbe West, although abounding in the 
works of China ami Japan. U, now, bis labours shall lead oth« rs 
to bring to light and set forth more and more of the classics of 
the East, and in particular those of early and medieval China, the 
world will be to a still larger extent Ma debtor. 
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tff<T :f||f§| eele fcf? 1 
psM HS^TTltTW ^ror^TTRW I%% 11 <ro 11 
arn^ep Tm Wp^r%i%cT*T^ 1 
t%e m H^PT TOfePpPH? 3# m I! <"\ II 
ppp#r ^pwpp^s?; 1 
P TH%^ TOPIP>WP? ftlwlpt II <i || 

I 

difaqrT WriSTI I 

esr wi w el *r ^ i(t II *\ II 


M tmwzt «t ■ 




W— 

^STOftesR fks ^sppRlfsfT SRPT: | 
^sr^crr sr^i 1 jpropr&Bra^r?*? n <r% n 

3TW!C51^i i 

FW^^rSTFTCw|^J|xrT ?pfj fgTJUfq j 
^Il\'fcTI^¥!tHfts^n|fr> |f| H <r^ It 

o^ffiTffTT flf#Ifrp?T'7^f^: j 

3T^S«T^: | 

wstojpt sq%wF# mmz? i 
ftBjpnftvr ^r aff # m* fmwi 11 <r^> {i 

srr%wrsR*TR & wmi^r n ^<r » 



^fopr; j 

5^n% m ^TWTFf? II <c% II 

’W't qq'sgHt tw feiwi ^ apj g^rp ii ^ o H 
’" 3*™^®™^ ~ZfT. ~xw.-,w^7.T. T 
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str; i 

mt^w^r h^f«t w srft ^r^rrji \ \ it 


3T^Tf^: ! 

^^mWH?r%Tf^??r c f s f , ?sf’T^R!?T | 

ft#ttri wmpn% *ifanfo , nwi^ *m ti ii 

®T«T 5^2WfT%cpRqi^f5fg — 
'T^gtxrfT^fWcRJRf^TO rRi^fq } 

^RgwRsrtH gwfTfriw ||i|i§^ n |j 

gORff^ 3Fq#f ?T5R 

gorgfoRr fr&rtf^ w i 
^?R: 5?5T sfettR3T|^R^ !l «U || 
goRff^TPR^RSR RfTfli^RRSR =cf RR— - 
2 l Wf^Pc5? 1 R RRR 3RR j 

rFpfgoTg^R ^TrR3TTRft RT^ II <5/\ || ' 

3’wpqferf- t 

^ffe gCWT %>PR HRR J ^I#qffT | /.; 

q: g^SlRrrqf rfR I%#pRRfR || II 


2<wr^^R«fpp^2 — v • : ; .; 
3®P-RRKftHrH qR^RcR^R ^ ^ 
R^SRPORR^fcT 2(%T 3T5ffR^: || Q,vs |j 


wppq — 

o 

q*n frjt ?t*?t g*fa w% I 

qj^cifts^ ^ESraJRcTprPT. TOt 11 ^ !l 

gWfTcPT^IfTO 1 
fFITTTOftfljOT qqW??R: gjffcftl 
sfTm^FrfT: ~m tl^rn- I! ^ II 

r% ^ ^rfoT^r: I 

I! ?°° II 

3<W1#T igcmFRJT^ — 

3T«^W^F prt?#J q#RB *IW qq: I ' 
cq^quiqfotrprRq || \°\ || 

srq^T^: I 

I%qp5f=tq: \ 

^qqqq^F^I%^iITOqq W ]%q || \o^ \\ 

O ' 

g^Ff T^q^fqqqqqqq — 

TqrPl I 

ITtB qsFT qfF^prfe: || \o\ !t 

arqrlw: i 

M q|g°T Fft wgqqqws-TrrT I 

FHI5TT fit !%qpf m W' li \ ° g || 

q^TKfl^aflTR ^#%5RFT qq 
FHTK'1%2^ qq3T|?tqfq^q|srq | 


W*&: (%<TH |j t H 

SF? qf^m v t *TH4 Hff^t flUTH^ i! 


5 5^’^ f L S 

3ra% ^sr^ mi — 

?rq\g tkmw tim mm sg ;*?$, i 
^ikm^wim &g 3 f>m ^ 11 \*$ 11 

TOTFcROT — 

<*>> ©y , X 

%#t wm itf TRpg i 

^^{§3X4 o^&f #0T%tRH li \o^ [\ 

f§^|f§§ 

qt q qm — .; ; : 

«\ .. x * ■ 

^rm s^^rsfr *mm g»ftc«? ^ i 

i: \ n 

ST^^qMH^f 5? 1 ? - :■ , :; /:,; : , ’ ; 

m T - i 
m mm-m'mww w ’.* * a 

5TopjfoT5sfq mii\ cfl^r wsq^^rqqt i 

sr^fw ii H? ii 


1 sr JTPRf- 




^ f%sgc3>#f w«q n \ l K u 

ch O 

SR%5f ^Sf?i: 

"?f ^t tot %#*m i 

g^T^r^qr <j <qr*wfc 

m%$ fff tRH I! \ \w\ 

*qpmRi to: ^%wi i 

<Tf <fi?5|#R ii l * 3. H 

«re®W^R^r ^wift wu 

fgriH cf^^ra55r# t r?rf?r i% ii \ \ v u 

#r- 

^ 8n^mgf^^%|%s^^pgtsrq: | 
qpqq 5q?^M ?Rc5 'sqjfl^i*! 

^rniR^*RF?it i! \ ’( 'A !! 

ft spjfM W7FFRJ1 

ft ^<ff <?fa$JfW? 

m$\ sqqfif: fftnH: Ii 


* m m* 










MfR: I 


nrtRTPIfK — 

srmq^s-qf# fli%if m 3TFTfrt 


TffT: WRFrq qaTT5R|?rwr aRSR | 
cT5iff f^lqg- s&m 1% m o51T?f il * 


pr to^st^r i 


m Rfpr^f c f5R W m il \ 0 


Wr-f^p^RR TOHR S£RTpFf 
«R«?r m Rf#* Rto f% m n U 


sq-if^qi^f^qsn-sir 

R^^wRCri: I 
ftRRR ff T%q|t: 
T% r m eR #? #? I| 


RsPRTfR: I 


553 HR0T?f5 m\ — : 

^^PSPFTT: ^Tcl^FRS sR ^ SFR*5J? 

■ ■ *"\ . : c\ 

-mM it \ 3 n 






w^aa-gfFrr mm mm ^ ^rg i 

W?^T^jl%sj^cpj% 9 j^fjff : ^ n \ % i 

pimwsf^^m 

m 3T?f %i%sj ^n%nrf ■ "^ ■;.■;: -:>g 

f?T 3 J ^ & mmimm II ^ ,, 

mmjmmz? i 

=? mm *pr mm n u 


\m m trt^t w ^ 

M *rw^srf*r i% ^ i 
ssrerem: 

fit 3 a *?%?; hCtw ii lv9 H 


mm srawfor mm s*Rf(| *n»rer sm 11 \< n 


T^qn^arngjl -^orr 
sps-m; i 

q^M afm?t 

mm fm wmm *rfor?r n H n 
mmm q-?mr^rei%TOM mm i 
: n w 


M SHSmWfl 5% E^Rmt^rtfra^ H 





m m ! 

s^RTfriq^FW^r- 
#rrfq qqafcntimqr: h 


fTfr 


nm%m 3^5 mi — 
qfiw fwimmif^m 
p#!^ sot m pqfTcr 


fis^T^qiqfe^ciJnqt gra mi r^ : s 
0 fgsq^fr^q g»«ra ffr mm, n % 
mk- *mf«pmNT: 1 

H P?! W'T ?%% tl 5 V II 


|;:5?K!qrgq^qntsTO^i^ wmm. i 

R SSI M mi mi mmm mm 11 x i 11 

-:■<: C 

ffgllfll \ 3T5ff^Tcp: I 

:; C:',-' : "; ; - .V-:-V.;':r'V- : v- : : r' ; v ; " : ' ‘:-V-r: .vr’ivi-- 

|f \mm ^oiR-fr %v% \ 

qT^T#H m n ^ n 


1 Tills stanza is not found || || 





f STORff — 
fSTnq: SRcf: srWrTO! ^tffffffoFT: I 
H^«rai«Tr-n qftWr if ^ n 

..■■ ."; . v © . ' :.::■■■* ">•■■;■■ : ; v -;V V - . v;.: 

s ' | ' ;;||| 

fSfd.WJW f*T TO s 

?TOT ^ l=rf TO^f^W^TFT I! I! 


zmw^w-ln xm TTcTOmm. TO: I 
^rTOftf to) %W3TFr#lI%Tr^T H ^ i! 
||'|;:/ 3T=T1W^: 1 

KW;q$? m TO: 1 

|=Si3ITOF^ *RT 3?1 f! \ c 

TO^???kwr4T^TT9T^,T 
pfff % tfiWfe: <TfTTO II \\ 1! 

* W# TSsq^T: TOT ^STOSTj:?^: I 
«RRF ITT%TO?^RTMT ^ITtoI II ^X II 


f^q^^f8Irfl%TTI|ffT^g?gr4^^FSmf TTR; I 
f$5 s?W^pT TOR TO^: 11. . ^ II 


i %& | * X 5T5PR. 

3 m 

•I' |lv: s ' jf a^toaif "of 'it. fee -'f 03EiiS.^iS&F.§g^t^ stanzas M 

3T#T^: aiul repeat? stanza 'So, 70 gmm under 
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cf^sfrf — 

%$ 5 fwr p \ wf-w ii Vi i! 

fk'VWT W FfTOFC^lftf F?: 

wwffsriwfflfarh' i 

*m. ^#t: *r?rm w 5 ??w^m!% 

■.'•.■:■■ ■.■<? ■ ■ '■■'V - 

pr^p%R^ m m M vtoto 11 a 

wfffmTO'vvv — 

1 3F>5i^'iRii^r%-rc VVi'Wv^i'T-. . 

■■ to: ; - ■■ .i 

V;VVV I ... , ' 

tptoWpRT*; I 

f«Rt ^^WffPP# ^ spf # TO? =3 H 3/4. i| 

, s^pfffcft (iVoripqqffl^: i 

5 ^P^Ri ? q^^f|%str^F^i^rr[ .TO: a *<r u 

«r^TW>: i ^ ' ' . 

Nwtftft ft 8 f?f ftsr | ' 

•!! ^ li 

, > Iv Hi.,- B wm 






q^f%goffI%2I% : fH*i^: ^ngflWff. ^Ff^RJ 
fWff&C mi%FL.!l 8® 11 

fpi&ftot goi# Rm i 
rrVoPTO mti 3*fa»!fpr*nfo<T tTM II *\ II 


m- w g^gmgj 
m % T?m.n 11 


JfWTfrfT^ Wf 

i=m^ T %"T w u 8^|| 

' - ' ,5 *, "'-' '4 

; sr#^: i : 

^nwgFFfwrnFf i 

WF|;fe?Ti%-ffF% Si 8 8 II 

?(% fyrwfffi^ mm... ii . . . 

s 

sgr^rj&T mfm ^ n ^ n 

. 1 Found only in .B. :* 


irr%eraR?rff: 


5 , — 

1 sf^qr#Ti 5f3T^T 1 

^r^n%sp?3:cf ^WFn *«£®F 3T c F v i) * \ *■ 

mrnmm mt ^ \ 

Htswii a? h 

m\W s.T^: I 

^551W ^ ! * 

' ^^STTH"- F% o^FFFF WQffif&i f I « < 

H3#st TOT: smt ?§&sm t 

<NT1RT^S #R?r if 9%- !i 

«mt«prtwr: q^wi^r^T: s 

ipsaTf err s 9FPF®^t W^ saqjp^wpT T%F !! 

fir<5i#i i\ 3# qTOi«FWF. 
t?f T%?r: I 

3T ^T ^ m 

n u 

zmmi i 

f%^W#g^TF !! V* i! 

1 m sm: mm i 

'T#g»: Sf^(^f|£F SPfHT^f 1! 

bs. .- 

2 m =t «rg*fa; . F "■, , ;; : f* >i fw r mr^m. 



3 ®Rf '$ 1 «W ) 

ii- 

M 5 Tf: t 

m jsnnrfw^ufl- 

WTFT !%i?J! |l 

?f% T%W5WT^t ?P!TH*r II 1 


ffr: q? 3 k5W?<jt — 

5 n*mmm Jrprqpft 

qfaSfirrto: I 

q^rpretegsr sjr^r^of si hh ii 


^I^IIW: | 


cRr HFr^ricir ^twwst w — 

cstgrf# %? 4 r sri ip#rRM 11 h<\ 11 


3 K, and M add alter this ^ tRRHf | H^KF^^T $# 1^#^. 
fJ’TOTOH* * This, hoivorer, ffents to be n mistake, 
v ;',: : ; v . * T!ii»;mRt^ are 'found' in 1, , ' " f 









f wrarer*jnlwrTe*H i 

ssm£i r% m %% ;i <\< 

5 .\ * ■ 

3nq^T imj ?7Hf#sj^sr^Ci i 

^ ii ' J >*. !S 


iFspi^|^rifR^TO«#T!«l t% m$ Niji $< 

fF?:; i 

H^TR^W^Ti: WfSWTfiF mw%: ii i \ ii 


T^^TSFIT- WlFOTffHIFn: q^WnFf. I 

^l%^TtFT^i^rr. w <&« Mri ii 


“ JR: I 

'.'.i-; : ; : :F : :: s3 ; ;:: : ;v;';; : ,.' : -.; '.-, ,:;•. R R-' : ' ^ "*■■■' RR- 1 ' 


ff? tr^rn HHr^jf^T^-T 

wfert fwtiW? | 


£ This sfcmza is found jii K unu C, 

3 Jjanzas £osV/63. and 64, 'aro found •m-'K.dmd'B, 
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?TT^qf m *r*W IK » II 

1 • fffif '^l^TfeWr I 

1 f#wwr w. i^'--H^H#rff : ii ii 

* ^^wrsrrnoi^TI t^ppli ■' ' 

sht ?t 4 V>fOTfor^^ ii k ii 

?#ri%pr T q mn i 

ctIChi miTfnw^fensH ■■m^ u ^ ii 

^m%^2^ifS'mi%T%#f^qf!9Tdj] ^<r n 

^jfTST^gjf twi ^ Pfi^i 

^T^^l^jKFWfc: ^?^Tc| H ^ 11 

^nwA '(RT5"R * m fefw i 

m*t$\ H5r#R#ntsTT^lt^JI II 

f?T T T FSWK 3T^7T W^TA<] ^ I 

s#tq r w,mm w n 

ar^raifwi hst? — . -v,> ■ 

t?cp qf^cqi^ Tf^wi^r \ 

^ff^ffcsTRW #S"f: II II 

1 This stanza is mniU>: d in 11. : S T^R-f- 

3; Tliis .eiiinza is not fam& hi M\ | f< and b 





^Rr- 


^^R^TTRTgfrft^qmC^qi || '3 

3 T 3 CRW: I 


R 3 ^r^TWl^RTRF 


^T'TR^JhT^tRI j 

^Rttsrwsmt mw- w>s^v 11 3* 


^flcWT ^f— 

^q'raii% 5 mr pr: SRJ{ 3 T: ! 
m || 3 H ii 

9 T^TW^: I 

wf trmm mwm #^r#u 
wf mm ^t £ fHj: z$m ?n%p n <0* u 

RW-TRRT H 3 R- — 

^#PffTR mmi mmi *rt% p 1 

m'&m- ^ 11 33 y 

^I^TRRR'FjRTRf %Ff 3 J ^ i^ffCfffT fr~fjj 

^o'effT: SP-WR?^^: cff^f^i^j^qq-qT^q j 

im fRSP: ^'|%f^Tt qpr- f j „ 

3 T 5 flt^: | 

^rq Rif.* ^s: #qR[: # p: zpqq jj 3? )\ 


B $^?^Sirr#Tf artRqr^^jfq; 



rfffrF^RIRW: S>T^5^ITff*TW^ |j <"o 


S 

m\H TT^TRF % f ?f 1 

^ m flrcflFWI II <\ II 


^f^TF^T^RTRF ^R^T9T ^ %Wm H5R 

' «\ ' ;.** 

fgfcTI ?TgNTF- WiT^TT gsir ff | 

Rsrjorf^sjffTR^Ri i! <r\ \\ 


mifti mm m m m \ 
smrrnr srqiftwsf^i m n <rs n 

fsr^H^^TRi mm % ?tt m 1 

fWRKM f%^"HR9TT flH&f II oi' .11 


qr^TSFTI Tf^R^TStT W .3 f^l^T gft — 
^sSTpfrtfR#?: *T I 

iff m R: II <TK I! 

, apnf^Tf>: i 


^T mm cRTfrf: I 

^fi ^mm m ft m forf^Sf n A n 


• iSuamm; uXid 8-J are omitted in B, 






*TTTOR??f 




PfW xim- ^r mfi w 
q^RTT 37 


Wfl^fM^T* ^jSTffp: Wim^ 
^|F|^q=#f : ^S5f^#5qJRJ^ I! 


3T^If3J^: 




TIHHT3TT ^f3t wmmi: 5 'Pfa si $ v« 

91% ?^3Tm p|^5f ^ qp j 1i' |] M 

^n^r^T^^TFrt wft wpr wm i 

5f7T q>q#f f^TT faftni |j 


hsr — 

^WFTcfH, 3TfqH%^RTiq ij*p3*q 

wmi IITI^Tf%[qqT f^RHisqj; 


and B add as another reading. 

1^ iBT^iqxE: ?qr??rtfigffr fa^sjfnraw; \ 



% f KV- r £5#f? ^tRIF m qg${*i<(: |j ^ || ■ ; , "■' 

?wr ^8^!^i«Tv?r ^ — 

3fT^?TH5R-fm m W?^^3Tf^n: I 

^gffN%r r wwm^w*?R wi\ 11 ^h \\ 

y-.Vf".r r.“TH -' n^r.”.-" ^qTHf 3T%fiffjg; I 
jTI^W^fflScT: vfo WfJTRf^: m3 II ^ II 
srrafsmffT 


Wft Wfffg: 'E55 1! I! 


■ : . : vt“?.:' ■ :-■ . . rS' 


ils^m^TK^TitTfTT m8T55T-i 

■qmmn rI'-otrtw T mi: &: n ^<r \\ 

fit WFTT^Ift: | 
srsn*mpT3TT , i^n f 5i r i s? 2t?— 

WHi qfqt mm\ *T ^PTSTlcfl ^TR[| 

jjq^Kfs^T^Tsrrftw^ HWfrmi'ra#^ si ^ ii 

'5r5TmicfT|f9T?: I 

$;q$ 5'4 ^tfI s%TP?fi ^i|-q^RTH i 

^%5TFTltfTHI^Tq !1 |»» ii 



3Tf^T=^T^^Rt WRTfSg' H \°\ i 


J5T^0T in 


=W^»M^T 'TRHH^ms.T^ I 
fsfwSTT^TSHHNf TiRFTR'R^'HR 


%*m mm wr i 

rrr*rt ?m% £rf 1% wm fs 


sq^Ti^q^w^n'mi 1 ^ sptop'OT': i 
W^TI^ffSl^ra^: II t 

Wfllf^RSTSTR: W3T35R fmwh I 

^s#cqf^fcTra HwmFfr mj:m li 


^sr^rssrapmR^- 


pq^isqtR htt^t^t i 

^RRf» WRim 11 \°^ | 


'sTsri^TcJJ: I 

m- i 

wsfw<mhT: frn^w, ^ n \^€ u 

ar^^ToSTtBR^ 5 ^^ — 

^ROTIFTO. cTfR^JT *RT% I 

Wmv 11 \o% !{ 



’ffiwisf tcstts tssiwiw i 
m Ti%qM'*?q m ft l \ '% ii 


3 3t m- 

4 This stanza is found onl^ in F, 


1 B reads HffcTfjpt?' 

'■ This stanza is not found in 1’. 




mj: fmw! frrf>4qit9j^i%q^i^T: 


o 

^lft5-79.TTf 'E5W* $ ii H° 




^HH^|JTWT^qg^Tr^T«rriqqRTr3T: 


f% ?j| i| \\\ || 

i%%rm m mrqw \m> m qrft i 

T^sqViw## ^5rf;ff^ff£q 5ff $>t<B || \\\ || 


f q<j ; — 

nf#rq 

'jTorqsqf^T^iq^Tqfi^fFi^B. n \\ \ n 


A 


wmmw$ zi\w. i 


a 




A 


£< •\ *\ 


minm^ m 11 \ \ 2 \\ 

qjt sf qrgf^lsTPffl^rr i 

wfati if 4 u^-ff #r i%q.f%?r a n HMt 


42 JTtefTCSfS:. 

mm 

g^gff FI fFFFFSF FR 7 i 
^rftf "Rs^I " 

irpif^NF *rpt ii l \* » 

•^FTHT^TB^ cfsifT: | 

^{R^ISR F 1 

fc*l U 'K Si 

4 «S!N «2^, ^ . C* 

•o 

^ *?t f^nni^g !% jTfff li ?H li 

?]7 ^5^ST%?f ^#FI- 
fejpPW ^Tgi9T5=T3T^r4r%FI%FH i 

^awm F RIWMfRWm 

^T FaflMF IFFITIRf ii IS 

F^RR ^TFT 

TF^fRS i 

^Ojqi% F*FIRFfFFT *T3FI 

IFF FFFf miWW FRff^F !l V"X li 

3TFRFqFOTFF3F~ 

555flf^q?WFn ^I^RW-fOTRj: i 

m c» v ^^?WHT#SfTFfhTFJTronfF II li 

1 b ^wonsrHrif^fr.- 



pT pi % !! ? 


sip SflPtEW m il ll 


WTFrFTR?m 


553-7 mRRTPP^^HM W WP : | 

^RfR!mgp c ^I%rpf^TR^: || || 


Tn R*IRpf5fnfr: 


m wmifpm' pg-— 
f Tf^^ c pTR c F ; R RRPfpT#M I 
' ^0IR5ftR^#^RRIR5#?f KI^TFT II TO II 

W® 


^'TtTRIPR I 




wmvmwi 


*hwsraM TO. H \ n < if 


vriJT^iJTpTcfif 3W^ : s 


T£fT^W^39jmRTT£?iH : 




m ^*wnr^«i^raTO?r we. 

fWWPJ^T? i 


tra*m 

yfi iff mt % spimif m ii \ \ \ n 


C\ *■'■-. 

^Tr^Tl^mF ^f^IWf’E^ET: | 

mw- ii n* ii 


^rS^T^T t 


fRIS^ST ^ 


■ -C i 

4o 

f^fPTf mm #s^fr Trm?rr4^fL n \\% n 

^[^f^^rni^^fSitsfer^TFi^TRT: i 

It \\<\ 11 

?!% I 

w - C\ 

rnwrn^ ^sNtr ?r% t 

*\ ,jsx * '* *• -fl^v ■ - iSk ' ■■ 

wm JpT^T snjtHl^iWsn il <\% I! 

3T5flfSJeF: t 

f^th m w^ffi^r wm m n w* n 
*rmf?Rim mw-~ 

€, ®v 

’WTT^fWffat FTFT i 

m ^i|9tt%%t w? it ?K ti 

5-^t; m^sm 

q^i%=r ffsw mm wm h ii 
mmmm tifmt 





STOTTl^tFIOim' I 

"'-V i - ; ■ '"■— 1 ' N 

HOHSRWqSRif SI \ |i 

ffT^: sflKRWH: I 

fer^fjFfr mr rtmm- n h ii 

■O n3 


??T: 7* « pr^qqgTRWRRW 


!J35g> 5J?^ 

Riai snm i Ig^fsTRs s 

®v- 

?iFF^m[S%yT^JTts 9 -T *T3F' 

' .9s. ... 

=ff«TntWS^ ^W,H; II 




rjtr^w i 

^sjfe^RfFFf^ ^WTrrml li * II 


R^rflggs-R: t 

zEizm sr%q? ?w^f rtt mq- 1 

TTRST: SfNfB 3?: RR: ’TH ?RH R !! ^ li 

qgR: qrS55I7 SqRRRdfwqR qifR 

*1 - '. ^ ;■:!■;■• ;Viv;' ;, '\' ; - 

sr?f$5?i$qft q*# wtNt; i 


li :and >r (iniit iKisitmizB;; 
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STFTOP %¥¥$• 

HR? 3WRHW 5'7ST^rc,«r.r r j 

5RS>T |q tft# ^g HR!R 

sT^gt fgfiw w^^ftitti i% rfcHRRH 11 

H=F^R%ROif f5^W^mRF0TH ! 

^tegonwR? 11 <r 11 

fr^f firms' &m):m ?t#r: i 
c ' . & 

^3q^I%>:q I^Fcf^I^ff^TWW: II ^ ii 

Tfms^F Sf^P-Tf R !Mff?F HR?R; I 
efl^ cRTmiR ^W%4 rR$ft RTRii ii 

v© 

PmRRRrTS *WfTOT 

RHRTqT HRtff 

\5 

g»*ra h ^ ii u i 

*B55>#r^^ ^T^g^Rsp i 

H^rW'TR^: fi \ * 

HIRRmf HR Hg*?R: I 
r*?RWW: R^R: RI'l^l'Hrfl ^JJRT Ii \ 

RT*R&frfN: R H3f?R RfgWRR: I 

5TT 

t&RH#9THT :5(||sqf; ? 

giqswfeWr 



Mi roads 11 iH 


Woppqqfjir;. 

aftft Rfcf #t: || ti l] 

^TT^gtfFRIH ^R^f^WRJMffR | 

itRRTO #R<# HFWf’TfT# 
Rm#R*#fRF ^RJR|WF^fl3TTlfT IS K II 
R^RSTSR^I ^I3RR^fTRWcTgH«TT I 
H? RSRfon ffrft X \ ??f ^RRROTT II K II 
HJ# gRRRFFoRf rff^Ri: 

!%Wr 4 FRIGHT cTTOT«riS«FF ETR^ II II 
q|-<j|Tf: aR'iRWJTRTR^fWMWrR: I 

Hf HRI%f: II ^ t II 
^^mfe^T^fff^rg^i^R cgii% i 
cpf]I%^HR0f W!<W W %rtcRR II ^ II 
1 ^f^RI5ROT W § fecfNlR 

zt crwraRTts?ff% f<#r TOTOt sfrn n ^ 

^SfpJT^Rifq: •erijmi RJ^RIstW | 
ReRRrfaR#: RTOTTR !%RHR5R II \% II 
qTS?WRRTR[ ?TfPR I 

n ^ 11 

=qf w*rsr i 

',: .:Ci: ; -;0 ■ n 3, .. . ... . :; C| w ■ /,:. ^.v. : :;v>. ; ^ 

sr^f?W5R%7 HR# H TOT: II 'tt 
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o o ^ 

■‘Trs rh n *:' '* 3 ii 

R ^55 fff£ RcR% 

WfafT facSftFR RRRiiRf: I 
R qJTTR^S 3PW f“^gl 
R ?q qf R fTR R^RR inRR 11 ^ IS 

SK iRRRfRfT: |i 


Rq^nlffSIfT; ! 

WWTRT TIR! RiR W& *15?! I 

t»T3RR q%qmq: fRRR i) \% U 

JI qTTGT q?TiR #f3I TRRj-SfR f 
?!R1%R37!R ii 3o ii 

RTf mkv. WTi WlRRI’^mi^l!: i 

rwi T%fw vwzmm iff ff m- h \ ? n 

# ffcRIRRFT: 'FSFRRRJRIRITF^TR i 

nm qq: qnwf sg? *iqrr ifw r h a * 

m ii 


mm — 

m R^Ti^fFffRff fRiRR: 1 

m w fflcTiM f ymm m n \\ 


wm. li ^ 11 

^ro?Tfqrm ’Sffim'r: s 

TS5EF-STW 3Tf^T mV K II 

ffT%55f*T '■■ . iMMS 

T-i T i% r ~ ^ .rp>*,; 1 

t*«i> saN. R >••■•" fr. rir^r?r %wmt i 







52 JTtelWff:. 

m n wmt 
tTfSfwm wm m sifsr n h n 
iff H 

m f5fH — 

qp^piRFp rnn^W(^ =eR: i 
€$f ns WIW *E55I%? Wt cf WmifaMw: II '** !! 

1! 

*13*5^ *3TRR =? fsRFfOT fTFH I 

mgr ^fiW4it eg: g»ms w ll ’« ? II 
gf^?w3#e?nfrR i 
8TT#rpTt =imt $55 jj >V 0 

3TWF ^PT*?Fd f? ^SRIS*-? ^WgNt:' I 
p mnm wi *$ g «?w p Si v\ w 
P ¥TFTi: iffi^lwfa*n*R*lf5ll|T: | 

Wj'e ii 

sjf^miinnsrT TOTWff^prasfa^ 1 
emr fr^T esT: iprt fpre*? #RTfaT?r: 11 sh i 
piR =f*oR g?nf?r ergfi 
w ww sFgqf ;grm 1 
piR ^ ^ T mRg??r t*r 
sWJRf^ I IIRI: RJ’FT. || li 
IR sjp^RTR: II 

■ - r B reads ti^ If ffRjoi. 
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m fs^fogprirn gsnj — 

fS % 5fT^1TTO crow i 

fr^cT#^^: 1! V'® j| 

mllm- i 

W-W? ^5FT tf W ftWJRfff I 

t'pq^fl 33 IT 1 wit t T^Ftf: W- II 2 < II 
f%T^lt:^T #FFWWn%lWPcfr: I 
^iftsfq ^ F?m fe# II H 
?w*rc Roflf't ftfTfFi^ wt 

•••.'' NS ■ ■ ■ 

wp^t Brer: qwRr^rrff55#cTfrr: i 

TO^55#t ffTffl 1% PFmfcT 
2R55fl?SmT*' W*f3FW m'. T%WTW II II 

ifw wm^amw- ii 

iTFFjw ^55it *#r i 

W^5 i -<f!JlfW ap II H? II 

3p?^ft *f5p — .'.. vJ^vv-' 

w&t *?p?f 3I%t3fl«?F I! ^ II 



3T5rr^Fp: s 

SfSS^lsNF-T W? II S • 


TgFf^iwr ^fjts fi^ff 3?r: i 

si€fiw^ m ^mmmm li hv 

; ; ^ '' 

^FftsTHTIdT *FTTS5^ #T flTf: ii 


igiwfw nm ^ri|^r^ir§' 

sjs 

m\imi ^ m mm m 

^gFFHg^g^FFr^^T^r m w 

ii 


m ^pjRTf i' 

<fs$ot mm i 

f-5 -4pk ?r#t m® ii <v» is 

^1 j, j ^ , j 

3f^f %#PT I 

^5f%FRffm m ni%; i%tn^ m w n 


3 B reads gj^fgh 

2 Alter this stanza all the MSS 
simply a paraphrase of stanza No, ,''57 : — 


•iagv stanza 


pre^j $m ^ i-tf ss# ftffir n 
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il orasts this as well as tlie following stanza, ; 


omits fR, 


wmrmm-- 


wmi ?TCI55W2*qi^ 

w r I ^ n ^ 

5ts fgrcFtareft nwftn 


l??JfrfS5|fff^5fr grf; %giy?j- 


mm m i35rm: *$ 

WS qtf 5^?5fJJ || $ 0 || 

fPf HTf#q[^5T|R: H 


sr'4RIN^^^I?fl fSfiJ — 

^iwr^r<l *r rrg^pr i 

sffir^wikTi^ wi <$$ ^s^rfcf^ (I % \ ii 

; f Rrspr i 

*rM°rwBRfr ^wa ^fferfr m tm i 
wsrrst ssrepT mm-. femm n ^ n 
3R*FfRf T5r4l fl:^f%cf: 

RAW^T- WAZTt i 

^ff ?i3f! m 

FFR *[#7 ?FcTP: || Z\ || 

" mWAr:B 3-?Tf 5 m I 

RR# p^srjsff jtWAJWA 
•#TT**RtT: m&fcfm: i 
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FFF m II W I! 

II 

sr ^FSTFM HF1 — 

F^F^FFBf SF%T F fejon^^^TSf | 

stffem v® fpwff ii sf h 

Cffi^ ^\m - 1 

*&. f SRFFFX Fffq q?t I 

cFfI^ 1 f#!^ £HFiiTvf3*: FFR \] \\ \\ 
FWFflf FT^FF^ rFi ^55H | 
rff?T#T: %5T af-! *FJ% %fi: *f I! ^ II 

Fi^FF ^m- I 
%Ff: I 

#r mw%\ ^ I! S<r II 

^I^FITF li 

m Ffs?FFi?fi F5f?i— 

S^IFF $$ FFFFT^F RTT^T^ FF I 

m&i cftr mm ftsrewtNI n ^ n 



o 

^pf foqi^qgqq || \so 


RHI^^mSrT Wqp5^f %mm I 

fsT’qpfr ^T 

raR^I H# vftfSBPPT m !l II 
%STO3r 

©x ■ . 

feRT^r: W&lftlil m\<fc I 

w far! m w«ng ##f 

srafafTC ST#fcpt i! II 


m HR*nre ^rfwrw wfmmwr m 
fffas*?W mm: H 





TO JjftafoFTC II ?. II 

5<T: ^ ItIRF# ^eTO^ISRTO: I 

m *m — 

ItIW^SW WTOTTHfl I 

from mm im 11 

I^fer^ I 

f^^I5TOT^lt'TfsFrwi ^!WTO I 

m. 3^ism if^ifr^sfor f% ap*q ii \ ii 

ijsftnsft to i 

t% srff n s ii 

o ^ 

wt% to ^iwirm i 

<3 

TO c m mk fri%f?t T%T%fn%^t: i 
m m *mmt *m w%\\ 

s 5^iFT^r^# mmim i 

T StT^T I! ^ 11 


E reads 



w ' mm- 1 




^n-qor^jr*?: vs tr i^rr i 

ff^r ?rr’#r ^ ^r f% n u it 

to Crpcr. 1 
i% w^Tf^or 11 \\ 11 
wfr%fa: w?f |cre? qcswfr RR^iSRj 
rrir m #s 4 f% ^rwferp?r 11 u 11 

?#• 't^tI; ?rfc 5 Ti% 1 

ssrft t^TC^rf qtffaf f% ?tr 11 u 11 
srr?t wRgrwi 1 

t^RRTW R5}r^Ti%WcTR^f || j| 
ffrif 55 R 5 ?HT sr^m <#r i 

^FRTTR^RwT RRTT^R: # ^ R^ffRI II ^ II 

* & u > i f i 5RR^f w?: ^ cpf ^fwr- 

R#f ensrgR# 5 Rr?r!|frr rrs gap^R 1 


J , M and B read , 2 E r8ads ^gf^cST 1%’ 

* B and K read the following for this stanza : 

mmf 

%f ^RqE 5 rr% 1 

*rNr®£ ff?n .spor ^pt^ipPTPTFcf 
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flSJSFri ^if^RT *rfR? 

mi sr* f% i^wiT^m, n ?« ii 

*V ''■“' 

ft I^Tf%^: S! 

^qFRR^T^: T%*?TR R?5#RR ^R^IR I 

sqitq - t 5 3w ^ ^T^RRf 


flRRTRf faraift mft I 
I%^|"RH% 1%'TRT ?TRf 



U II 


ft KRtolf: II 


5WWTRF& I 

^RqSRHRR I 

tti^wRt rRf<R$rn% $t wt ii h ° ii 

'O 

swernife ^m - 1 
sqmRmqm qfm%q =qRRi^ i 

%mV‘ st fflferrg; n ^ \ n 

tot i 

r: || ^ II 

ft wiWI'WrtFnflftli: II 


6i 



I^J'S^cF ^#1 |j \\ || 

SRF^W I 

OTR W^PT jfMf% ^T^TFWpN I 
: wii 5 trr ^isfrto n \2 ii 

3JI5R %?r *T#rT 1%'T^3TRR'iRJT5Tfr fTT i 
?ffRiT5WfrgOT qrf## tow ii \<\ ii 

miwt ^ *yr%&Rj 

f^rw4 h m ^R?r ssShr- ?THf^ h \\ n 

?F^f 

fnt 4'FFTW sRFfrT I 

mm% 

aft siTOsMfaTOcT $F^T II ^ 

Wf°^H5f^TT55r^f RIcTg; I 

3TW^c5 H?55 II ^<r || 


fTlfaffllFSrft ! 

t#tiiisws I r^mfp ^ ^ $# 

' vo 

to $i&r %?r srfWr ^T'Wf^fT *r |f|eisqji n m ii 

irmi^rira: n 

WHTOflf%3 ^01^53 — 

1 S5FT %n^pi swifpw s 

iror^i sffara ?fm u R is 

o '*■* 

s^flw. t 

55Tmi%TI WgWA «5! It i! 

tat i 

T%-Rft ^HWlI li \ 2 II 
~*“ qt TflWff 55W | 

I%3 II ^ I) 


1 L J reads as variations the following : 



^WWF qiqfq^qqTqj tTT%q II 

3r?! Pfa$^r _ 

Hl^q 'TH flF^rn ’jqq^Rqvqre^tnrr q^iqr I 
wCftt w^qqfr^TffBRt^ q^q \\ 

B gives only the latter of these stanzas with the following variation in the 
second narter, : 

^iq^req^fqwitqT . 




jfrfTRr %rcwq $ssn*. i 

qffc: w m\i §«? ^ n ^ u 


^¥I3TT¥I*?: | 

UI% li \* \\ 

vm R§gwif?r n k ii 


%swrFgRi Pmmmu^ i 

wM wj^wt: n h n 

worf^m ?wkf ^TiRrsrf 

*tesnfawrcp>rr ti a° 11 

m rTFTi: i 

*>: ^fo5: i% Rfi T^RF^T ^ror || g 

mviWw* 1 ■ , '.. 

f^g^farcwt ^^pstdrsitfrFFr i 

^o o T ^ ^fg^i 5#r ^i^rpr ^r% ii aR ii 

pr ii 


K, M and B rem 


B adds *1T at ike end. 


TfW i 

m 3RI i 

n^mr m$‘- *rmWn 

7RFTJ: T% [%/Tjl *\ II • 

?fit w*m ^iwrr^s# *rf[fm^i#7 % 

'FF? 


1 Th« f.Jlowiug stanza, is foand ia K. and B in addition to stanza No, 4S. 

^ 3fFfT 5ITT^ !T%rfi’ i 
IWKfcNIW: %?5TI^fr: 

*r^rer: % ^?tw wf <m u 


RT^FfTT^W 7 !!^ WffT ^|f^sqFRFR 

F%m^T^iRC. l^WWi ^Ff| II \ ii 

p: W, FT^Ffit FR ’q^s^Fg^IfF 5 ^: | fRHj- 
ffSWTOFTT mJWfsBJTWfffrrW f 

f^fwqitpFT^q ing&m ti#: i 

fr^^ot m#? F#iFrrn^??f7mr: n r ii 

3T5nf3T^: 1 

KR^I#5N W I 

aswRtfNB m*i m $> <i fw»iq n \ ii 




rfiflterarwiR: 


w«jbt 


^mTst^ ^nrn 


¥1 


rx C 


wr m gw mmimm i 

tfi?Tg^ 55 ®*n sjmik' 5 arfe 11 ^ u 

flffcRTfrr T^T VJW. I 

^Sfi gq || <£ 

towi# fmji ^tfi: s 

tfHFT ftFTfqf WWI*nT*0RTT?Ti it ^ II 




^ ^55JT!WcT ^rc^sr PRTRfl 
3FT&T ^gsf qj&T JI%T Wlt^I ^ li \° II 


^ htf i 

T% 5p cRq if TO II U II 

mm- m mi§m ^ i 

^ % ^c5%Tll%|qt: || \\ || 

mi <fcq$I3WT | 

w^t#^ wm «rzg f| ?n% qjipr ^stft n U I 


«\ X 


in * ■ 

aR^JTOWIW ^ 5RT: l 

^ ^155 3«TT: STI|: il \8 H 
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frarw^Fr £i^gim^W 3 T?sFT i 
mm^ ssqi mm mm ^ 11 \s w 
& 5 rftq^TcPRq mm- i 

ffepr w^firt: mm m wot ii \\ n 
q£frtq !? TO: WqfrflT^W I 
W#rI^^Trim^TO m- mW- II X'V II 

q#*TT«t 

^F^rfq^iwg^qwqct 11 \6 II 

srqrtw : i ' 0 M 

OTfflpq#! ^Fsgp q55Ti% qffq: qw: TOffth I 
Rcq^qi: mW- qwferfq: li K II 

$jm; q^«r 1 ?nt qro fq c TOP i 

otjcttf mm® f qFfrrfq^Tq^ q f m\ u \ ° 11 
fit jq^sq^# mw n 


sfettro?; ii 

fcT: mk fq^sqeff ft F sq^TOiq: | 

^If^Ff^iqqFITOTHWq--- 

^qw spissssn f mm qiwitmi 

mm moi Ttm sf^TtTqsrqqqji \\ u 

1 Both! M and B hive the erroneous reading f , q 

<Bri% ftfccr^r: . 





?TIgr cf ?? p^ll % 


jTTfq — 

^fprST^T I%W c5®^ ^ ft«n*Tfal?L II \\ I! 

i 

Hitecroift m^i'|w nm i 

$<m $% *m f% ^ m. imm, n v* w 


^ m ^ ^ti 

1 FfWf <E3 ft ^ i! \H II 
3T#rt^ : I 

'T^Rn^TFf ^n^ri «r^fg: s 

^155: ^II^^TTftt mm^lF ¥>■ ^T55: n \\ II 
?TT«rkl #mtf%W I 
wrrrfrro rtsrwrm; ^p^sfiTt n ^ n 

o«b o 

*p ^iip«i ft ^Tsiwift ii ^<r n 


$« fa&^ 5 



fX L - 

i 

mm IT%fm ^|: 3 TFn: m =f WWTTf: 

rs? m < mmv - <n^f rhr i% *jmii \ * n 
f% HP #T mm ! 

5nwfS¥T???rfi% ^ 5 it; ff n \\ n 

^ft^Tmp-r 11 \\ 

^ Wt»?I<!S^R 3 a l llfTRcfR^T I 

r# w>m 3 h^sfrir n \\ w 

^ 3TWT TOR35#I RSPRR I 
ik^t 35 fsr^TfR® m 11 \2 11 

» 5 KfOT^IWP? — 

R^TfRRTTmT: I 

»T5fTt^ : I 

Rf^TWllR R filer: Rrs^^fRi: 1 

f#ff«r ‘irtir# 1% % 11 \% it 

v.J" , ' : '^ .'■■ ^.:^: : a! ; iii*' ''^Poiriari'-' : :l-#t /: ' -i^bwis 

■.'pnftfiT /$$#• ji : 0$ metre. 
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^ m~^ =3TT^T|f^i i! \* 1! 

Sfsfi^F: i 

m$v- W 5 ?|i%5 Fg ii \<r II 

TsRJT^T *pm S^Prat W II H II 

3T^T37: | 

f^«r3T%^HT?n: i 

^fpmrr mwi n *<> n 

^ flpfr ^t WF ^ F^Tci I 
m\% <W TS fTFTTC? ?7riF^TIFT^ TW; || ^ 

NO t\ *\ 

Pfftfsf W7 ^FfF^ II M II 

3F%FT: | 

^n%#r^Tik^Tm^T^ jpin i 
^jl7f^T Wg^T || n H 

mmm ^ ^ mt^m! «fe 

1 The MSS. read which doe* not seem to b« oorrect. 


mltW: I 

W^J^IrR^T Wimik: 5r%*JS ^ I 
^ra ft S^T ^WmTFT 3T!o5TSft |j i 
OT^RTTc^: sRS^fe: ^<¥55^: | 
Wr¥T*T¥FTT*fig? a^«n WZtl t II g< ii 

^>ef^!55<%R^rfR^ri%^r^ ffw I 

3n$5mm ff«rt^5 f|3fi#n^ n &« n 

I 

^ i 

m t| mm- w ram 11 «<ni 

T^^i^RT^rW^r: *g: i 

^m T*ram w%w ¥TO?ra; n s* it 
m%^r% wm: «r^.- 1 
#r w=^r it *a° 11 



n 



*eb w ^ 11 ^ 

»r^R?: ! 

HW rl *?$C ^ ?TW#TT 
*H5TI^S«R# 1 


- i «fhis •»tae rule is somewhat defectively stated again with a modification 
im reading thus : 




ar^Rv: 


T% J ^T5T ftF 5 ? II II 

*thrrr i 

f^teFSlfWTFT ^RRTW II II 


555W Wfl^fT^f w I! HS II 

arsfi^ra*: i 

^qj qgsfc fm \ 

inftifc$*r sfrt ffanfiFT w n ii 


^ m# Hfa5«rmFr^ra i 

S^S^f# foRPS?5 U^cRRT^feit: II H$ II 


m'nt: 

5 (tfr%^i55: ii hc' it 

Rwwft: it ^ wfwq[ i 

mmm ? 4 fwi few w. w>m n ^ u 

%k R^RffoRif%F%wlFTw4ffF% | 
n % ^ ii i ° ii 

3T^!t?T=F: I 

ft^P3«Ri% ^Frf^r ^gw?t i 

WIFS3F S-TO FRW URR ^?R || i\ II 

fftiW fmi 5?Bf ii ii 

’Pf'Hp- : . 

fm%ft i 

RgtPR^XRr ft mm ^h ii o ii 

F^Rrmpf Rfff tl ?3FTO^ 1 

*TTl^I%f%T% I r|tB: !% 11 II 


n 



t w ^ n 

#4 t wnm- R^RRT^Rn^n 5 ! h \\ is 

RSffffiR: i 

mwrs^: jrctaitssraprwT^ s 
RTR'Wfl^ RTTR <{#l II ^ || 

rtotw^toi m^m mws i 

s^rir ii \< it 
^dm-rnwg i . 

mm^ ^ !%f wR^r^HfT^R 11 ^ h 

o o 

RWmt 'TitfT MFP qSR^TRR II ^ !| 

6 

Z/ A 

RFRH ^RR3T|U| <i R]^ | 

^ ^ ^ W^RfRSR^f^R: II **{ II 
3RR^: | 

%RIR ^R^IRfe: q^^Rcfsrqptur | 
RR^WqFTT^ RHMR«f RHTR: || vs^ || 

jfx dr «\ 

w mmjwm ^ u 


1 f??^f: is ^e reading found in the MSS. ; jjpgy is adopted a® being mom 
•fttitfftafeoty grammatically. 1 , 
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*ft iw ii 

i 

qmiwfg; n ^ n 

%ik mkw ftgftflnewr i 

wMm f% 11 v»< n 

q^i^'MWqq. — 

ffetWW [qq^JTrfT^tfqq gjSffag: Hfjy^r | 

^tF: II 

tfe*rqi#q fm H^mi^R 1 ¥ff%fi f fk- i ^ i 

i 

gwr ^w?rTf i 

mm- <T* ^Tf|qq: wt^TO: qj: || ^ || 

?f% FfW^qq^F ^^!%SfR Ii 


II 

%v. qt w3T?pqqfi> wq^ffr^rFifcrq sqrnr- 

: I 

#qqrlFWF?U wfi^s^qi^TprffH^r:' | 
#q^|(JT^(x: ^f=57tff ft^rfgf^g-q || vs^ II 

3T~fl|W ; I 

mm| 5E ff7THI^3Trt ISJWqfFFf |5TH I 

t ff ^T'wiwig q mrac. n <v* n 



JTtolWff: 

$mm Etctw g» mmv. si <r^ n 

3TRH =sfT*|srTlt =Fr=5Epef^ts«T f&PTfowiL | 
qqf w *Tf«T[ ^TltM I^fM^I: il ^ IS 

si^jqq i%qqrrq gfrpsre # h <r^ n 

qgiwqoi srn^^ftB^sefeTH i 

qqqf FRiflFcTq II <%\ || 

9R55I^flfqWaiFqrqi?n?qq ^11^ m\K ! 

ffqnr mm wm H# i m¥ E ra»*®rc n <r\\ n 

q^ifr \m% m 3cn^r5n ^tr%RKn% i 

S» • 

f^FTOcqqqq^qft— 

tq# fJFTFKT m qtRfT #qi{j 

jN*Rtb ff ^4 win n ^ n 

a#??$ WF to — 

^m, <5§Sfo srpRFm i 

## 2 Wf^#Tn%^-T: m q^mrq ii <r4 n 

smwq fRH toi— 

^551 wi: ^Tomi; m\% i&rm qqg^iq: i 

WSW $fkt tqTWTT% SRI^ II ^ li 
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| 

S^RTT wrf°T RPR m q^fTWTH 5 ?F^: I 

^ni? 3 vNc* 7 FI *£«# I! %o\ II 

\ 

#?c^Irt f^FT pR flllR qfpr ^ I 

f!R m% ST m: I! %\\ || 

§RHml*fq: ij^V- ^( 7 : I! ^ li 

stfforsrspres Tr*FrM?rft#re£ i 

O ■«*** 

mm qq^ wm k n ^ \\ 

%m fNfcmm rr^^ 3 f%r %| m q^iF \ 

%5T qq:q®fi% ^#5F? ^Wpfrf II || 

ti%^q: gw qqTOfwr qqriq i 

msfi to: #i%m qq qqR n u 

qi%T%TFf m ^ WT ^ %R I 

% qiqftm q?n: % qq ht%^ wm m 11 11 

\ 

S^RTT%fR#W^gqR — 

fwTsfqq^qRF fRm^'R^r: %fni i 
#qqRRom: qj|cq t%TT fRp II -<V9.J || 

i 

Rq^R^RTIRi Tl?pngf}{[fT 7 Rqf% qq: 1 

^RRtSST: Tf HHqfSRf II ^ || 
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qqqjqssqqjpTfq; t 

mil fFHF^F%^jf%HFW!^ ? if li ^ i! 
qqtqqt-q^qon: qqpfqonq^jfq ^qy^I t 
'TfFTt ^fPJc^I q^qqt^m || \oo) || 
gqq[c'T^T%OTi«f53?oiitTyi%fr^w[7R | 

^W> qtfcrgft: q^F#T qTcRJ^ II \°\\ SI 
v ®\. . ■ 

sqwspr ^ Wifi jyjpr% ^ I 

m®t ^SRq4 ^mfims; fi u 

3T5flf^: | 

sml qTqpT: | 

^mf wwtq q wmt n \°\\w 
?T[%qqqqgq q Rfft q qq: q^y: | 

^'#55^ff ^ f?q? fft: W^WTOF 3ffrff: |) \ o^ || 

fof rm?RTffqr q|q q^Tq: | 

vqjq^q TO $m sqgqq f% q sjqft ^ ]T % j| j 0 (1 

^mq^qf wqsrfqqpq m ^kt- i 
q^F^F^nqf sqgqq f% q qtq^ ^:qq <qq || \ ^ jj 

q^fq^qi ^qqfqfqqqqqq — 

c\ ^ 

wm i 

fifts,^ M ov *i „ 



n 


w €mi f%gf?q ^ mm wiw- n t°4 n 

|?RT^ IW ?TFF t^SFTfTOf^™- 

timf-fT m^=qrS?^q?T: | 

^w^wf^mrcTtssr n \o%\ \\ 

<2 v 

I 

art ii *m\ ^ wmm® i 
T%#T mmm ^Wf^l-WWnTi: II u°\ II 

ST^T^ FWp ^ t^Rra i 

mtm^n ¥rsTsig®'€ II { ? \\ j| 

arttt*R»: ! 

^f^=5f P^3^«F|3# FFT^f WFF?J I 
^r w *m\ gtfNiSTC fffffFF II \ nj II 

H^oR^mgFt twjot ■'# ^g§of ^ pg°Tp 

^ m m % ^r^^TwrfefffoT mm *m 11 l \ *- 11 

^tft^^ft mmm li \ \ i~ 11 

^ ]%?ppoq^f|> p^|>gRFp:: IS 

'•The following stanza is added in M.^|fcer;|tfidza K o', II0|, But ife is not loirncB 
B : — 1|^ 

ai’lfw^wr^r =T*nT^r wwTOFwi' i 
TT^igor fts?TT?r ^ *WW 5U3T: i! 





IS 

fff: sqRRFW: I fjS'T^R 

T%c4T TIRT **W^%re*Hfa*ras 

fqpTjfe^ygq^S'?! RRWfl I 

T%r4T«T: #TFR?TfFF4crf?^FfTSf4^I5rf4 fR 

%?^T FT!TFcTTqj55*n^imF4t fR4TcR II \\S) II 

3T*^TefJ: S 

^^|5|?4RT?^I^2^4F^%f|FTIF?rT5ri- 

Fi^f: 3FRT 3RTRT SRFffTO W m2V- Rf SR II \ * f i )| 
TTT%%W: ^^T’WFFTf 

^ mmh: i 
#%r^^TFr{*ti%f!5T 

TT^Wfq- srcprqji \ it 

TRTR fre^T fn%iTRi 
wm tf$P*T 4 wfw: I 
RPR%%rm%Rr>#- 

^ mmt{ it \ \<r} n 

S|FRrefH HRT^T R%- 
§*ft. r%C?^ i 



SjT% fff FfHI%f3TI%fq^- 

U*4 ii 
# FtM* - : I 

FfH?sjra^ fW sWT^ft^aj^SRTQt FFg il U°“ 

Sff3RfRT*RfFT ^ FH W- 
|«gp: RT T fF FFRPT rR*TTci. I 
=fTT% faftn?: 

PF^^T F ^T-q^TTRTJJ !l II 

s;prt w<te ^i%^55?ttct: i 

TO ^TFtrFPTtntW^r FFTfTfr || l i ^ II 

^r^^MPTST =? ^gf*R r n%F m-. i 
^mt WP^FW: qFI TTRTlfT F m II m~ It 

5R: 1 

^ w 

TOH F^fF^'TF: HFT 7#% * m 11 U»“ II 

SI»TT l%5T ^TI3I%f^Frwr FRIFR 1 

TTRTH II Hs\ II 

m i 

W%: W%4tH: Wl 7TI%: ^«F7IfTr II Hf; II 
fm FT*T FpqfwTF TRft 

Ki 5? m1 ft =rfiFf m ?rt gFt^r^TFrr r%w i 
WM# ?TFFft wtto*t.- to it flWHf 

W WW Ft%RT TTRTWOTF || \ ^V' 



^fw#^f: q«nsft: % ’T^ft^T: I! f ^ II 

wtuf fig^i *pc 

~ fsw5i%? i 

qpt4^RWi%RFf^i- 

w>m ^ ii ii 

«r5ftwn^FR?r^g;— 

q^ qor- i 

qprsmiPnqTt^qi: *p^s3°rr: n w*\ n 

SRIfW 1 | 

^TPTriq^lR^SIR jm 
sTiw^R-q qqpFfqq i 
qqs?m q mj ^w%- 
RWfqtqrqqqi qq-q: n n 
HR^q %r 'W fqq^q 
RFRR^q f^RRI ^ I 
WpRR qqqSRTR 

m t%r q ffta% m n m’- u 
qNqqRSRrw £rq- 

S W§R q]R rRRRFng; t 

^tt qqft^rmcff^qpqR 

qqqfqqi wrt mig: \\ \\\l j* 

?r% fq^rqcqqfiT fnqRq^f'r^iT: rrh: ii 

■ 1 Th9 M68 - 8 iT ® ' n V , whioh does not seem to be oorreot here. B reads %HH. 

for «rr*. 



faflRfTO: 88 

Pm§#f*TT: 1! 

p : m\m i 

- 

JiHHwmt Nl 5?r5?TH«n^fft TTRTtm i 
i%# pi^rt fwrfisq *T$its: 11 • \ \%} n 
Rqtfsjqr: i 

*rf§T: q|R pj ^TTF^ffT ?Rf#f fsfrgtffa: | 

q«rr ?TfJT#r €i qm§ trpq u \ \ s } \\ 
li 

^T'Sq^Wrft: ^F^q’NsRB 

JWfFft RT5^%#f3m tRRRrRTR I 
R<W sqiHfTfl 23T^fJP7I^^T3m %K 

mi 5 Hur^«FnnwwfW ?Rqm^ n u*~ n 

3T^t^: 1 

RHTtRRWF m W #^RJTSI%^Trl I 

^TJORFm 3T%3f II || 

mmi^ ^Rfi-siiq^q ?m*r I 
gTR^TRTO 5Vf!?<ft5Wm % |j \\<\ n 

^qqfTTRT^q^^^iflwRqqjftq I 
*Ro5apRp?3Tr*ft ^ST%?4 t fJTfq mftrR II ? II 

1 b §mw. 



?T«fRT RJff Rf RI^RF 1 

HHRf f??RFR3T RT: 11 \%°'i li 

c \ vj> ^ 

?THRf R^fl 1R RPRTRF g*TRRR. 1 
*RRI RRR'RSr^xR^m RT: II \V\\ IS 
^ ^ *3f W 3TR RcEtWRlV-TR: | 

3mR<W 4 F ^cfT 5PRF R-T^il \ *\\ li 

f 1 

I^RcF<F^IWiR%i jpr^fRfR^R || \2\i II 

x 

RRfRR: | 

m RJ^^^r^T^TRTT^lR FfrfT I 
WFR tRRRRp-f TgpJTT T%R?q il li 

R3jf^T«r m4wi ^ w%%rmR?frq^i i 
m ^RFRRRHf^: f% <¥55 RTS& il \ 8 S; li 
5R?^RRTeR5T^Rq^H^f — 

^im^¥#Rp:iF?rTf ^? t^Crwf i 

mi CHW RfRJ-R SfRRRR ?eTR il * H 
BRTWR; I 

SFTF RTT F^FRTTO RTRfTW RRT: | 
f*n ; R* stfrir? =f u li 





85 


qqife* -$m\ i 

§RWT^Rqmi%f?«?F i 

#Tpn ^3 RfR?: m^T 3TTJfm.1l W II 

T%TH: tivI: 3JT°2R3TR W^ qqf%R^T ffafcSRl^ I 

3TSTfaf£ JTPR^T JJRT WR51TgtfTm%irm II {<\° .11 
fwflRW^RH^TSjqTsrr^f^JT— 
^fT^^TJOT^on^Tg^r^f^qf^: j 
Us: R'fPsgor: WW^TO^rs:^ II ? 4 ? II 
3T#Tf^TqF: I 

m%: mmm- w qqpiRra prtt?: i 
HHmm fpm n w n 

qqppRq sjN i 

fR^F: Hflcf: #SR; fa T% 3Rq ^ II ? S ? II 

Cf * 

qoqfqq qqfqq^riffr: t^qgqaqpfr- 
J%mirRf *r% ^ <Tgfafcff qfaf qp: I 

A 

rr q m wimfaeft sq# frMqt: 

o 

sr^rm srmsmftt pw n ii 

■3T#T^m: I 

m^q qfapq ^rcqmfcfWT i 
q?5ff% fe#?r q^q^m W li W n 

VNot fouad in any of the MSS. eorysiiited. 



Hit & II II 

<TT^ 4 FHf^n^f^^wr*riJTrft 11 ii 
* rafiM»: I 

tftegWRtTH ft ^te-SRF ^fFcT gftEf: I 

% s^'i: # ^T'TRTf: if $ V' II 

R*#i^cW^R?gR 5 ssR 1 
*te ^R^T|Rf%fR 5 ffcTTO II H 

^HT^TR : .1 

^ m - ^ fi % rtfwt; i 

i% rs m%r%3: ii h 

WIRWt Rltp - littorTRFT m FffStRR I 

fttoRT 3 tote tom^: '\ \$\ i 

wtetecFFR TORRT RRp j 

^3: f% lit # * || n 

^RS?qfe<?Rfqf cTW! fm^TRRR 

°s. \ 

R5RRR5T JOT ^R5q quqVq: | 

WTRRm R R ter |j {^ (■ 
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- 3 | 5 JTfSTS£: | 

STsFte ^ m ^ =ffH^fl flnFm i 
wjq fPTT: II {%% ii 

srepfisr: mm mi toctf fi-fm*? i 
Ir m ?«Nr n us 11 

^^tsjqpqf mrrf tr m: msm i 

fg?mi mi ti \ $ % u 

3 T 5 =qt--^^fiSit Wa qf?** 5 «nj i 

ftf wm i! Uv» II 




tti%: 3 ?mm m? f%^twi#f ^ mm i 

f% ^newt u<r n 

flrt FTW^^fR WH: il 


I! 


w. ^akfSic^ffgtgjit e'-immw: i mmm- 
%ffFjnt&R *rf ^fpnPT^; — 

^ 3 r$r*m?RT ffar^pife ?r% m- \ 
tr^prmw pdigprar m m- ii m ii 
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5pfag®% =5T I WWW ^W- ii ?'S° II 
?TH S 

*r?rFm?w Ttwis fiisra^ t%^ i 

^cT^Srpot ^MxB W f% 1%^-q If ?vs^ II 

rtsq q*t T^wFffqiTrf^wii n 

Srafaj^r: | 

fejTlrwM W3T gofr ^retfaftnSh i 
<rfNftn Sff ?4 #T it pfWI WrSip? || ii 
WEm^JcPFT^ qWTWRJ#^ i 

^FRWt ^ q- W |*f I! Wi} j| 

sr^irraoTkq^p^— - 

-ftw ^Sifrftsra: #grq i 
wnt ffr qw qofiww ~<m4 f?n^ ii h 

3Tfrmwr wfq ^ — 

SRTOK%n : . ^fxB qof pr: ^Tf: |j || 

1 Here Sfff is substituted for 5 Rq^ and for as thereby 

the reading will be better grammatically. 


,■0 )^ 
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STfrm^ofts : «?* =f I 

if! m wf ii u 

^f$tN ^otif m ^orf?% i 

^5^of ^IcWWFRf^ Sff II ^ II 

^%q-JTfOTcff^^f^ | 

?Tf^IfTfrT^r^S^lFffTIfrT ^^ || ^o || 

araritw: i 

^opTitl^i 3T[rff irft ^ sffrrjtto li KU1 

° c \ 

^rp^r i 

WWfT: gjqf ^ m i! \<T\ |j 

WR q5Ergofm?r^0T'F^f^g — 

?ETf*RFFcrt % CHSF^W^ ^ ! 

^ ff f«rmsRF w^: K'^ ii 

^IW<F: I 

'Iflf frfST^fiT W'T i 

g^grsj ^c^R^TcT TSFFT^FT# ft Ii ? O? II 

^•ffcpjf[?rtFW^q^— 

sq^qrpTf 5F^T ; I 

3T5iq^?r^f|f^r wm?! TOW H II 

1 The reading in the MSS is fT^S, which is obviously erroneous. 



TTiTOf^rwr* 


I 


^T=FFf ^TW 3R2RT FF H Kt II 

SPnfcqt fiH i 

^ Cnjt swm ft 3»tas9ji K®!! 

^T^T^PR^ff srf q frm wj I 
srfr I'^ITSJ %gqf Sfr^RF«it%Tf ^1 1! \« Si 
fq^g^ork^^JT- 

$?#?# st* srwm* i 

'sjgSFRTpnP^' 3%^7T?-r 'Trf' II \<% I! 

mw^wr - 1 

SOT^&TFlt wrh\ I 

srofar m%^rL n 
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'3T#T^T=F: I 

tw W°T^°Tfn: | 

^ofajsf^r rr?f?mii ^\n 

§c?N?T | 

w & 

^ ii ^ ii 

3T^'7W-T |rfR3^q | 

'TT^TTp^q ^ lRq?T j| > ® & || 

5T F?=i ffmte frlsTSjcfrpg frn?r%i: i 

m f% fq-^w^Toii- -^r ^ ^ t£(j$ i 

o 

mw& mw sfrsr t| wf u^ - ti 

j^PTJT^afgcrorkq^f - 

^q5jw4f^R^ ; TpfW5rF'rrt fT. P-TF^I 

5-1FT WffR'R’Tq^I^r^c^^^-.-li ^V9 5 Ii 

d % 

3T^TpT^: I 

cff^jcfd! Cf?^ fr^TtT RFRq ^(T *53T?f 1 

^T^raofNt mmm % ^ rtrii \^<r{\\ 

^Sra-^^RF^of^rH f%mi yam i 
yrnmnin z&i ii ^ ~n 
^rYtw i 

c^gf^TcpsTcfj $TcT=FT T%?rJT4 srffe ! 

9-A 



#rr srfarc fir* ii ii 

o ^ 

O ' C* O' O . , °\ 

arra 5553 #4 qs«rap%«riM ^11 u 



q^qipT jti %4 wFwm®(^¥^ ^t^ii 11 

1 

W-lf W^m ^TcTg:4 3^q| 
#^f¥rsfwfTwm ftgMff qqi^qsrnn ^og|i 

55P?f fl^sra^i 

#r t% w q w 11 =1® n 

^rt %s^?rmq?n <3 1 

sttr? qiaaiH |^4 q^q qanff q^qqq 11 n 
3re%nF: i 

eff&rsr: ^^qr^isf^^T^g^qifrq 1 
m^qqqqFn^ 3^1 f4tqq4 f?qr 11 - ^ ovsn 
^ qq^fqoT i 

■o «\ 

qsq wn ft wfof# 3 T% q^q it ^ ° <: ii 

H^Tqqq^qfrqq- 
mmw> r4 rt^iw q4g;§rqotq4t i 

m qf^i fm sth qrwhTm^^q \W°% 11 
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efff mi ! 

. 0 * 

^ ^ qeraft %^n ^oii 

*Tfi?q3wn! wfi mm \ 

?TT WrTO^T Ff T T%R?f5ff^r#I r $tl 3*3T W'iU II 

Wr^nF%?qf%5FfTRff STTO flfap*T 1 

■'\ 

%W^T%r«f?55# gqt WBtll W II 

ar^J^T^: I 

^WFfl^=fT%WT qri%cff rfcT: mm 1 

m m?ra ; mm w&m n i> 

^mw^F ^frwqtaifra; 1 

Tmr. g^mpr ^rf i 

m^prprcffsTS qr? mcfcTM^r u m\M\ 

?H FF^sqqfTT gsp%fte>TC: mw. II 


f^ffrqFR: I 

?F: <T? H^SWTC fqT%qf?T3?F I 

g$q?: §%OTF T§^#FT WtWf?n^ I 

ff?m% wvr w inu « 

gr^ft^T^: i 

^TF^rq^rT: W t| WOT MI^TWW I 
Frqgj m tqRW |I% W Fcqn% II II 



94 , 


hhtrhpt%hi 

^^T^trTRr: ^| 4 : mmmr. I 
h?rh sr^cShra rthsihhr htt^t HR? II v << w 

3 T?l|sj^: I 

^ofi^fq WT^rFf^l^^OTRI?; i 

?hhhr gm?t Mk \\\\^ n 

TT%?PR?: | 

^ ^ wm hr w*mm rhn wu 

3 »ft % w%hp-?h *r§ Hi%=mw 11 V\'< 11 

^?RT%RT$>f : WWH: HHT«? | 

HH f? m*i ??4 RfTRHHHHH II W. n 
3THIWHJ: I 

h?h %i%ST&TR^rq: m fern h f hrr i 
?mi 3T#f |?q TgRrHHf II W II 
Rfn^?cTi^ ^mw- 1 

^ h \\* 11 

HRcRH #% HTHHRHHPR^ HR HT?: I 
H?SRqRRH HR #? HR f^HRIRT II W li 
HR'RHHHHH?-- 

Retell | 

HRHR HHRqHTlHH HR? || |-| 

1 M and B add ?T here ; metrically it is faulty. 
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3 T 5 f%f^: i 

WF afaWTT ^Rf#T | 

jjfp^?rf 4 rs^^ TO?n% *^.11 ^ n 

II W || 

WTP %?T Wfa?rrj% JTT: | 

^ ^m \\%w 

^^TS^Rq^M' Hq*f— 

fr%^cRTf^ mgirTi^rMj *fp?3 i 
sqr^fr^goTf q?qq ii n 

arin|sT^: I 

T^mi *qi% 7 W mTrar«r fore i 

SffnffaRM 1%^!% q fTH^TfPT || \\\ || 
i^TlR fHm Ifjw: Wi'W'TiW^W,^ 1 
^ nr: sforaWrerTT: *FI ftewB il W || 

r---. 'N 

f ^JlWrT Wc«b^ 1*4 r -^H 

h 3 pt^f i 

*rN $rer &m ^tii^ii 

jwm cresrr w- iiH»u 

rff: ^ fim srcrfopr wm i 

^jorar*. ^rpn^srp fqr *3: 11 Wii 

1 B omits *7f liere. 
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TfFlWffff* 


ar^T^r: | 

JTFf T&m |S*Tff *kfr. I 

Mmms% #crtr si ■« 3 

Mit W 

|5f^?!%2oi^!Sf Mm snt^f i 
^RgoffSf RR: WSfRRHR 1%^ II '<^11 

s^^W^^JFfWfsRfTRFff^lFr^sTR: ! 
fRRTi: *f^TR it ^ftOTRFR 
3R^T«F: I 

I#: <Rfm# %5RT fOTIf %%RT. 1 

ii tH ii 

RR^RRRT fff R3T0T I%goi R d^FTTW I 
WF R R $fm R? fR*R R Rf^RR || ^8<> || 

^gompq'l^T: #WfsiT: IsFRRgRfR RRT: I 

rn^i^miw^T- fr%OTim fR^rm: u\%\ ii 

3|R%PF: I 

£RRT qfa R^TRT %5RT rfl^: | 

3RRpt ffRFR flgoi^Sf vfRRIR II W 11 

RRRWfgRR &RRWRWgRRRRI?3; 1 
JRRORR 1% R ?ff$3R || \*\ || 

RR WIRI Rf55^ cffflrR R I 

f^RRR rtrr ii 





97 


pt^eps^cffT?: 

1 % TOi n i \w) n 

nm soti ? mm - 1 

5538*1 IS ~\'i\: li 

^ffoFt ^ twrra; s 

vs 

^TJTOT^FT^T^i^TJlSlcfTORf WIFf^ I 

%55^ 1% ^*151*# FF4glt WTO || ^«\s || 

<\ " J 

JTH 3T: %?*537 =^rf*f£-g If r^t* Rfl I 

q-Tpjqi^rlnfi^flRRcT^rijt^w^wf 1 ^' n = ^ is 

j?f? i-gifTf mm i 

mm *r n w 11 

3TIf fwpiw: ^ m^r: i 

ST^irt RRqif FTR.I 

TO TO» 1% =* %?55#L II ° J II 

qpt — 

w%n^%Eni?T ^§TO^%rf?r |: pff^ 1 
fFFTcTRf RJr*T WWmtfWI! \\\^ II 
HTO=E#t Wm W%MOT[ftwWW I 

‘ O w w 

^dftrT^I STrFT^rrm TTOnq^ || II 

artlf^T^: I 

t*tfWTST: ^Wf^JTrf ?m%ft «R wq: I 

fern? m m 4 11 11 

1 M and B read ^g; ; and it is obviously inappropriate. 



ST*TC rM* R* \ 

R3°T ffTRfW RRR RR T3RTR R il \^\ 1! 

^[f^n%TRF 3 >IF W i 
SRTOT TRR^ffm RTRTTR RT? H il 

^rampM w m rrr; i 

o o 

s Mr ^t rrr mM°i: 11 Wj n 

^m rMst f?m*R«R r f^is^ i 

r^rMt Mr ?j^t f^i qfRi%Ri?iq; n ii 
RRJT^ra^friRswTT Rii%mit 55 srt£t 1 
mm RRTRMUIR R MfFmfHF 3RFT W il ~i ii 

RRR#RTRR3*R«R RRT ffRRRRRRfRft— 

RFSTHtR M R 3RTRRTR: R^WRiR: i 
^ RORJR: ^SRR: ^rMtRIR s |i il 

I ■ 

tsRfcRRTSrM MRtU RTORSRWRSI: | 

Wl% mil RRRRRM JfRqTR R#I ii x t oi il 

R | wmm rrrrwttr mm i 

RRRMr *g#*t fSFR |f| IT0R5- ii il 

Irtrrw rr *m\msv. rrMftrtrr i 
^R HRTRRI: vm R f^cPTritUl || 



^f^r; *?iw ^ fo ^qr iff fwmqji ii 
SffoRcWi ^^liipflFf^ mm tfw^Bl: i 

<51 

mmimm wai; i% ^ f^cPTcRji \iv} n 

3t5?1 

<T?grPTI? TfT$$?T?L I 

W ^^Piw II Wr' II 

O' ' v 

3T5rif9T^: I 

qf^RiPi: q^ITgjT^IW^^rFlS^pqJl I 
fflT mmv- w. 1% WKFflW ?«PLH II 
^|%^^i^2cq??rT ? PW?Ff^I5F^-^!?t I 
Stf$3T q*FTT<T: MMtH: f^rfP'WTO II 


srefT^qqTSm^^^tr- 

*qF}>=n«prcT: ipfew: I 
3pq>q^i^T^5J%n II q^r II 


fl ^ fT ^ i{ Ift ^3T^TS|% ft# I | 

=5f *T I! V« U 11 

T%^§4 HTTcn^r^WfTff^T^ &W< I 
frfgi53J=Fm |F? ^ ’TOI^gwteP !! II 

?TRT555W^^«n^TPT^— 

If: tfl* fa TO I 

®s« ^ 

3TPT m\ ^ 3I*fafare <^f W: ^|| 

1 

fa#' ifafR *ftB H^lfT T!T%M3TfT m*V- I 

cf^if: i% mmo'sm. n n 

fl^Tfaqmfafar =ff%T 
°m\ m q ^prattm ?^^T^5f?it: i 
^qpfffnfai qissffa ?if^r%gi^# 

W^fTf^F^f^Tq fflcfa ft: II || 

^ v 



?TT%: fafaf#T: %B: FrHfsmW ffr: I 

^ ??!% SK f TTRT ff q0TSp !i II 

q: *fateR*Tffafarn | 


FtessfcrffT: 
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^ g?r: 1 

^TOR ^[5?^ cP-Tq T%%£?isg <T ^piSfs || |j 

31W # TTRT^^ff^^FTffrSq ^q|rf: | 

TOR m top qptflR ^ I) || 

■■' '•’* *«? ' 

3T^W: I 

?^T?%m«raisq ^^TTJr^praffi mjZRj 

tor *T?§ mro ttt% *r n =i<roJ u 

ig^^TTRTS^I^WfR^ITfgR^^q.-'- 

^PTcfr TT^ft I 

^T^OTT^RT cfft#m ^li I! 

sr^tf : I 

#pf%g?TT3R^‘ft 3 ^RTW I 
^T^TtrTwwit^ *reft ¥f n 

W^z? fRWfflMRR qT?? qff?T qW=F qff||| ij 

gwf Rir^q^Ri^FF^^ritr - 

mfimm flw ^ i 

TSRffapeRf cRf fRF m II RO? II 

®r^TW^ : I . . 

1§ft»W»*Rpfr: %#f I 

g?TS^ flRqfr II %C\ || 
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M ^risft *FFI *OTtSR% 3?n?#q: 1 

•O V -~< J * ' 

m m gpn n is 

VS^ Vv 

apTff^: | 

mm wi% 3 °Tf ar%fc $t%>: i 

fwjpirrw^Tt^Nafs ^ qww ii \<* ii 

w?w#w^ — 

#fRcfc3?T%T%fTl|fTil I 

gr^Tf^sfq ss'4 ^.TTtrf^i ii w it 

mmw- i 

qFmiTT aiST^T g?ffa*TT: 9JTJ: % ?f: I 
’TFTcTfr q% t%t%! ffw> spftsffcT q sph ii 11 
m H^sqgg-fr PTTH: il 


I 

mm TWPIFm %€[^PTfT%4 s^T^R^Tq: l 
fRlf^q?TffSqgqiqqq^q — 

5q^T^#TfIf^W?TqTRcT: m: wm\ I 

o 

II ^<0 !! 

srml^r^: I 

^JStR^T m W: !%q | 

^ t rp#i m n \%\ \\ 
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R*T3>a*r*l$pr:. 

TORST3> *FT§^ ^TO^RgFTfTqqfR | 

. mw qrft s^f^fff: 5m; !l W SI 

I 

q^TT%sO%r to; ^ m\ tot. i 

q fTF^fTflt: TOT fg: sPFUn^r || ^ || 

^T?Tf^cTTOFT'7q^f“- 

^nflf^fqt 55iq: qwfpw qq §RfT: I 

tot 5 *m gsfi towirto q \\ ^\\ 

araltw: i 

qPTOTOi; qFmWf?'?55n^ TOR I 

W^m TOS-gT =FR qRrff: ^ fpiR II W || 

in l%wR¥^5FT?rr i 

?#£R^FRfRl%^TO II ^ || 

apfftw I 

^RTORTTfFM q^TTcC =fff M TO II ^ II 
fWTftTTq^qfRWqiTOTTqq---- 

fl5%]q^mTO^fftwT^gRqqfrf5R; s 

mrom gR^tetR H<fl 
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-q^- =qtfj Tpefj: q^q W>m ^IcTfWn^T^ 1 
wfc#F! ^rt TO: mm m ^ ^T%%%T II 3, « 


JT^IcPTTRT! ^IW^TOW^ff%T: I 
SRfTff&T HT% || 5,o \ \\ 

I 

qwfmnmft mm q^f^T#rr w i 

qsqf|^Tpqf?T?TSJ^9Tffq W*W SRTWq. || \o 


SfT^I qwfq %?IT ffcrfa^ 3 «PT^FT I! 3.°^ V 


3TTiq^q«fqi g] mg\ mm ^FTTOrf^T I 
qsjTTTOHW TO*??. m Wf qqmirf^T II V« II 


STI^UfFlf^T sqcpqqqffqjTjqqq 1 1 

IqjSRqq ftt li 
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®T#PW3?: ! 

w wnRwmnq misx I 

1% I! W* II 

HI 

fMflt7fTfl%4r%TT 'TfTRcTI sqiHT | 

%^fsn ii H 

ar^T^r^: I 

HHTFRT^JRT I 

lfl ^RfRcf *Tsrirw ^ ;?Rr ii u 

^rfmWfT^rTR^^^— 

Ti^RgR5]cn^wr^: i 

^f7fl#RR?Pr *RR if fTflcRfRcT^ || || 

I 

m^w- rt^trf r i 

^^mTfRf 1% RTgHfFcRfT&R || \ {o± || 

R^crefl^rR^^l-- . ; : ; ;■ ' m : ;■ ;:■ ; : 

r^frrr^r j'JTjFm sfcrrrlf fis% i 
a^TFW 5^ 'RcWFEFJfT goTR^RfcF^ II \u\w 

I ' ; . : ■,-.■■■ \ 

fRTTli mV ?RTf W%5TH'f5^tl | 

anfrsNpj: RfT f#cf t m fwgiTRIf^T 1 



106 JlfoTcWreTfS: 

jjc# qrqq 3JT&" 5 JTt’ ct-ST^'T ’TRSPH ^f^TrT H \ \\ II 

f^Tm^fpmf ! on wi i 

oqgF&klFT ’ficStfffi ftFSPTqF 3 II \ \% II 

F? if ^K ; I 

»n%33nmf%t-=Fi wm ^fN^ng n U ^ si 

fFFJTTTFFF^f W\ 3FF F# ? ?T 3R3 II \\ \ 11 

Fsni^ fe. i 

ssq qqq: \W- ^TT^IIFrf: *m: II \l* li 

sr^T^t i 

qfotqfnfSFF ^WftFq*FRiF U \\<T \\ 

nf t m^^m^^z-- 

qqqFTIIflffF^r^^TO^q^: W.W- ! 
fsqoft qpfWF^FIF #1^i^TTrL II II 

o 

spffcTSTC: FT# m^m 3#F*TIFTFf: I 

3>: mnqJTf: I! \^° II 



fifSTcfrssp^: 1°7 

TONklf : TO I 

«ri wf?r q fif&r i 

$\TliX I rt^'N | >a| rf j 

*T *T*TP WmW T% Wf> *m F ^ffST^ \\ W\\ II 
Sq%I##qTONf<ff TSSTfOT: %: I 

o 

f>rq?pRmRf^m 3 mm- ¥i?s: 11 \w\ 11 

1 

TOpfareNnfaft Mn\ ft 1 

it ppqqsr ^Tlf|: OTm w; 11 11 

gwqqr^TOF? eqfow. to. 11 W*\ II 

SfWTf^Tqj: I 

wfsjsiro: Fqq> m fstfmv- I 

TO: TOFT* wzm ffFTSS FFTTO || ^ || 



q^^^IJFTcTRTOT 1 !^^ *** ??rL I 
rRCc5F3T*RH sp?nt #TT.STO !i |j 

S 

^cqq|% TO^FT W ffa I 
HFTfcfl sF^ft %%#: II || 
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<#GTir^^r ^T ^$?rfapfe I 

m m€i<R. ii h 

mi\m- I 

to srcror m$3i * wm i 

sgTr^wMi^itffrTf^l-sr wm * w: ii w^\n 

ij&Ffe - 

^if] mm i 

o 

%-s*cfflM $m: mix !! !i 
arefercr: I 

^#rr sqs^f^n i 

u ii 

^Fgnaifi^nt ^%mv- R&tf*Rfe?rn t 

m^v- ^ ^ %£m£ wm& n is 

tfq?ssRRT?^r ^tt# ^ ^f wi i 

fl^TT nm ?^rft Jjsfa W*R55<T: ii II 

mw- m\im wftfe: 1 

JTBTf I R w|T*T ?RW# 7T$: g?r: g*: ^TR^ If ^ 8^ II 
^iRSwm^-Rftt 3if?T5m: mri i 
^TOtlStTW: *RTF*fR3T: II II 


w wm II a 


:it mm^ n 

[it fTKHft *7FTcRfT# ^ F^SFffaff 

m°mw : it 






i^pqt 1 

w,#? 3 ^ : F : 15 * ii 

p: qt ^r^#m FH FSFFI?F3 ?I# c FTF: l tfsmi— 
ftf l%JTHCm q^TCTS^TOrfap i 

TIFT T%% 5 F ®TOT II *11 

prgsr^sre^rrH rrjMhwtfT i 
jrf^^wmiT^^^r^gTHTFr is \ \\ 
mwk t%^t tM*s wtb*tt i 

ST^TF^FIFf wm FFTWTR II 8 II 

ftgsr 3 tr fe*nr ff wr i 

ftfea* tssht Mr fft: ft?: ii <\ u 

^ritRFItT ffritT F ^priiRF, i 

Mm f w f ii * H 


SRcrfTTRRlOTcR | 

^3T*pt SRIF^f rRE55$Rf sn^r il « II 
3 TFf|^: I 

f^g^TST FTpMfRRt ^m- i 

TOsnSflfa*^ TORTIW F tfTSR. II < II 




T%WT SjffofrKq' fWtjf q ffFT^n: || «, II 

fag*r$fcRq 5 #g$?w q^T i 

f| q«ST m’T^T w ^Pm II \° II 
q^rq^irwr q iss-grffrmT^ tFs-wr. i 
^[ffHIcT^^T cT^SF M?f II H II 

mm wtwt i 

w w 

rt 3»*W m® 3TF%^JTTf II \\ II 
amcf^^q sqm: foqfeftf ^V- I 
Rwm srfMjsrar if *iFTcT*TN?q n \\ u 
qqqrMl^q^if^q w: i 

oqmajl^fq^ # 5 Rqreq qqi% 9 jcl || ?8 II 

^wi®NRSROTrT qif qq 3# w 1 
f^mpT^mfntqq^f^T^q qq qopF 11 ? <\ 11 
°^1 : T%tW|& SIT^L I 

q^RTcm^qi^: iwq: flnreq 11 u 11 
qogrfksTcst sTcrn 3:53 1 
qapwrofj sqiqt q’FW* 11 l« 11 

O K 

fW K1 T% G ^q: sdsOTftfr? q I 

3^ 3 s:fi%qg:i^ ? fT : W m grqq II K II 


1 The reading in both B and .VI is f^TFft: > but as this is erroneous it is 
sorreoted into ftWFf ? 8 o as to meet the requirements of the metre also, 

* B reads ^ for ^FcT* 
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^fsjsqi^Tl^lTTRTTq^ I 
fSpiai: m m$% 5%S§ 5f(|^M: li H H 

3 T^TW^ : l 

sqmtswmT m^. ^ ^ f^L * 
sqmtsgt^T 3 tt$ *rpra ■$» s^t-et ^ 11 n 

sqi^ffi f&fm m^mvA *rf*farrcra: i 

mmw- i 

5 ?r^mfT^ mm 5 1 

STOT^ ^STrL^Pf: <¥■ '%& ^ .11 HR 1 ! 

cRrflSffcn sqi^^or: ^imn sF*gSTOT l 

qSFTPW^RTt f 3 T§^TlJFg<T: 1 HR II 

«rart^T^: 1 

wtstsw^T ^ ’rare i 

3F: W.W 1% #m WM JF^FW^. II R8 II 

'TftS* t^FHgor: ® T%fe 1 

^n<$ ^1%^ m mm mv^ 11 ^ 11 


ns 


\ 

^1%%: s 

qsqsfRTfW wi cT#r W ST^!% 1! ^ !! 

w*t %w- q#3m i 

$=$ i% crflfr^r oqcffiTsr jrf&ra^ ii ii 

^ mmmm- 

smfctsgfii- fw?s ° tf qrW°^l i 

%fTfqqff3qTm^^g^T55^f^ 11 N 
3'TmtSFr^T f^tl: I 

s^THTsif^T f^rwFn T%FfT^ii ^ n 

sqfqfnw^ =q q sq^rsqm ^ 

^#p#rcrch mmm 

Sq^ MFFWsqFT^Hf 

qpiq ITf^gFrW fqWR#^ W-W- I 

?^q q f$ qftfr: H£q^q#r; ii ii 

3Tqif^ : 1 

tf^sqf^tpqql f?tW qT^ 3 J^Tq Hf^fcTSL 1 

gr: qftfqj r% wi *ww ll W ll 


iU 


$*T°Tt sq^flfar* 

*K 

W^F5RH^RFm%l%c!TRf 3 1 

^rFTff3°T *& WrT !i V\ II; 

3TW%r^: I 

W^- I 

q«r^i^Tf^ mj^m 11 \\ w 

wqwtefH?Mr mTFR v F i 

#w ft it \« ii 

TORFR&q^FW RH^TFFmt^i: ! 

3Fq1f^crms#i ^ wrj ^mv- 11 n 

q^^F^Rq ^g-JRqFTiqTq: I 

*PF TOTWI?^ ^TRFTF ^37: II U II 


»\ O ' 
% ■ 


^ qf fqqwgqqte’lqftf'FT^Rq n ^ 11 
srq^Tqr; i 

«tfr- q^r^Tfemsw^iq i 
S flqRW T% ^WpW q T% TO^ II II 
^PW3TO^ PTO sqF^WRFT^— 

qf|fqqtBT f%FT|3^: I 

#^f«rqqt W ft fwprft q$w ii ^ r 


:4 


y? 


*,> 1 !»► 


£\.. 



sn$fiSp 3 F*: <T* * T Pre i I 
sqfTHW^ gsTW if ^RffTflg^f ff II go II 
i%33T^q 35f: f* W^T|Tfq f m m % I 


•trupt fssrcf 


jrgq^r if *r«n»a^ i 

f^ffgsqfffT fS?TO 3 qr || 8 ^ II 

3^PMfTfT?T fiorHM srcmf ffaiw i 


’O'® 


o 

r 


^Tmir^^l^fffffTIrHf $T8W II V\ II 

T% Jltbm^T W T% fITOPJ f 3 T 0 r^ II 8 8 


*pnm^fifTOTm TOFTlwrify ^3TfW: I 

* 3 *: wr-. f? zftm 11 s s 11 


3 ? 5 fT^T^: I 


®T<PT fg:$r 3 TCf 
. ^ *\ 



2fTf ' I 
^ **nw u a < 


3rq qw *rp»niq, 

far: <7t 

cTI^n?cf?^^55^^TI^M : qT: I! »«, II 


WfOTWPTfOTfir 


S^^TO^I^^pTT^nfTfFW t? 3 ^ I 

m%\ 11 \ 


m i 

qstf ^ ^iFTct % si ^ \ ii 

Tt?reftf^ mi^i g|srs^ f^r i 
zij *r^qRN awras** *f qjpn*^ 11 <\^ n 
fsfw% 2 ^^ 3 ^ w^t srmgsrr 3 1 

qftwgj&rrer t% t% ^T«R 5 ^»prr^ 11 ^ 


1 After this M arlde tile following : ^jfg^frjrWRniWJ 

3T«Ff^WfWg^S^ra- 5ff57 3?^wffi: Wt* 1 
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fj: m W^ITFlt ^jpWSfFTf 

8^pf! HT%g3fTf: HcR# 5F°fl I! ^ 8 II 
STtltW i 

w mm- wrcgwrg i 
^rof =q ^qq H# W^fF |) \ \ || 

srst *npr #%tr me i 
^r: g»: !% *T li ^ II 

fiswwareffy WFTSTfrmwsr i 

.o .... > . ^ 

mS^q«r^TTW m: H^FlfoTcT || |j 
mW^TRl T%WTOwfe# W#: | 

.O' ■• O *w ©v. 

fTH ^fT^TcFTtF ^Jif#r#c5#IFTt jm i!^<T y 

ns*' .O A 

f^sfJT^g?«rwif 5r%^TFq^^?if^T?cT^ i 

gjpqq gjofpn»55|fa II <\<U| 
frf: I? i cR 

gfr^sqFTT ^■R^fomt i 

sqrm^mm: mm: mill $° 11 

3Frf|w: i 

OTffTS-TTmtS^T WT^IT I 

gjNTfWW^ ^-: 'll ¥ ^ n ^ si 

sn^Tfg^wr ^5Sv -; if ^TlftRq- 1 ■ ■ ■ 

¥■ 'mw i% to ii li { 'i ii 
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o o 

oqffr^pigof^rf^q II %\ I! 

i 

armfsrarc: t^fr: i 

g»: <TRfq: #• JTFIci Rf?<T T%T®1^ R SPTO II II 

II !i 

?^#rfr: ^ ii is\ ii 

3T=^T=£: | 

?°sr *r ^tr; i 

*f>: w: T% cfc^FfETf^ 11 ^ II 

RRfr^r^i^TT^^fq ^ R^sssRiq- 

^ 5f ^__ 

Pr™f?f} ^rim ^rttot i 

it || 

c t 

^Tt^TWJ: i 

amrrssmr w\i i 

f^rora .^#^3Bmg^TRqr n i<\ \\ 

*mfjs«TO ^35R(^mT«r r^r: i 
^WI^W # ^T^ ? cR^^[c5|fT^T II || 
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fTFRR’W gojf ^^T<T^n%«l *531% #RSkOT I 
qaRWPT^# ^ fg|qg; n u 

arsftwq?: I 

^T^RHT TOgR ^ Wm- I 

*PKrSfr ^ q^H^TR^T W 3 'R5RII II 

tRii^TTR^ *m m$m%' tt ; i 

.o o o 

n%m wui ^ II 

^:^iSWRi®n5T?R^- — 

?r=$: ^fr%cn ®€fMr?r#srcT^ i 
\© w 

33 m i%ficr^ n ^ n 

frrtfaterct ?J5^~ 

^^TT3#f^fRTl^fmr^^3: ^gftg: i 
3TWTT3 'TffoTcfr^ 1 #•• ^ sflR II II 

SRltW I 

**3*PFro^ 5€fi irs.t srn ^rsg; I 

•T 1TFR R *FI RRI II II 

^^RRTtTsr^— : , 

gRjfSTrTRTH^ ^f:^55¥ff fCfffrsT I 
?Rm^RI%wl3^c5R rTR^TR: II ^ II 

2 The reading in bath B and M is as given ubcve ; but ^fWcTTfJTT^iT Wf^^i 
W^ offsff gives the repaired meaning. 


qqf%fq?fqM 5^5$ I 

wq qfe^T i% H ^ ii 

^ft^RFTiwsrrel ^qWf: | 

qRqiq qsqiq®P5i: T% q?3 TOT^fl IS »<) 11 

qsq HIW^T^ STOTCPI f% || U 

Ifir^q q sn^wPT^ftsr q |q?qrm*wq q qjpr- 

"WPR^; — 

50RT#q: ^s^ : £] wnwSTOfPRTi 1 

*»S 

qqqf^FSS^-qqw rRqiqq 11 < II 

srqTtW- ! 

m qf^Tfqrwi q^qf^wl wfi s 

?5«q qqiT? q m&if- %1H^^cRq II *\\ || 

^*TB«5R«R^5qr — 

Tqi^»qq%sfrfq#Rq ws?*re^ I 

mmi qqofi *qiq u .<^?' u 

c '.'O' *5 

3T#1W^: I 

ft w^iw q«Rq i 
f?q qforq w ^qraq^fq^^qftB^q n <r\\ \\ 




3 


^-Tforr ^ u <r« 3 - n 


3T^TW^: 




SPq^ggRW^^^mFOM PR II II 

°\ 'N 

C\ ®\ "N 

^t^iwir fij^r%3T°Ti i 

sT^^ig?: | 

H It ?o#T Rfa# ^nrcTFT S 

W Cfj O ’N 

3TTR* ^ % II <»\ II 

?ipT^q ^ m\ 

^FTCTsfRf qqT^o? twf^RWI 


m T?#rr%cft Tr^r T%fk 


sphIsw: 


*>. *, .. r rs * 'N 


W^fW^TE^cT^^Ff W55ITC if 



wn u h 

fsrgrq^q^nsqf sr?qfrq ^ | 

o 

SR^TT^I^T^r: Wl I%|¥f?Tf§ JTT&mff^fT II 
fS5T5q^^TfR%t!ffqqfTl^q?ir^W— - 

^!^5|fqiqR%^¥sPTot \ 

3Tq%rg7: I 

q ws? #r |r ! 

fir^q^Fqqfpf^ %W II 


3TT%T?TRffff* 


«T3TO13»: I 

5 #t tq sp% g ^qi^q 


gjqq wm&l ^TT3 I! !! 


q|# | qn^f 3f?q cf *R*rF? I 


cpw f^jyufjq ^sr ^TISq^T^OFiTnlH' 1 1 <3>X; 


qq# ^ft^qFrrqqqs^w^q^WFTf: 

#T3^m3^qTfT: i 


5T?q5qqfR:. 

W- qt ^FFRT 5r?q5qqff^[fl?:qpr: I fS^Tf^f- 

<%k?mW qr^^fqcfW^T^q^' it ^4 || 





• #5^ef^qFf^r^ ^ ^tT^?qf ff]WT ^fsWfi- 


I's^r *pr^ri i 

wm ^cfiggJcqK-mqfFs^H q- spiTSW II II 

•O t ■w 1 \ 


«f^^#^qi3rHp?^ ^ ^?q II ^ II 

f| €tt%^ i 

3TT=fjsn ^fwl fit: US 

llOTR^ ^\§F li ^ II 

^1PF : I 

TlfT^ ^ tf^t^fysr^ | 

^ II \ 0 °“ II 

s 3 .' ckv^sj \ 

flKm^w^rar 


=* few ^ in ° ^ ii 

■;.- : ;SS>:' : ■;\: ,■;■■ /;■ Jr:;-'; ■■;-.■ \\./ i;.-':- : v;.''..'-'., •! V:.' v v ;- : a;-: >.V ..; 

i 

3? II l 0 ^ li 

U-A 


lltlflll 


124 3T!%rFFC?Tlff5. 

^ wm w 

fcffftt?? ^WfT^IISTO: 1 

O j(i»V {’*'* *\ ' E \'-, *^1 

gjOT|^%ncf?TI^Jn^^5^I^Tf?TT 55R3F3T cn- 


5R 


ethr ^{fe^pk^Rp;^ it u 

3rtr\w: ! 

m x it l°$)i\ 





^sg5f: ^TRTR mj SRJnR | 

spriki ii v°Aj ii 

3tHT I 

R 5 ?^f spoff ii ?° ^ 1 ! 

^gltTfcT^^^TRgRtpT tj«P55*sft I 

^ gsrstf ^nrnflg'tert *&|r: i 
fRs^Rspfcq fsmpg# «r irmn n \°<’} ii 


*rqsp m 


\ ,.- 


•<irrs^ 3F *r ^ ^nsrg; 11 \°^u 
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f^?^!s^r5R!T ffaPT — 

° A N 

sfrqg^ff fj^y %JTrfT^55SW5t ^qjq j 

cpff gsft gsfl- mq j| \\ oi si 
3^W ! 

| Tg^WRWF %5rgmmr ^p^gfqFq | 

gsT^qw*^ |f| Si IU\ II 

fl% 3f?q5q^fR: mjW. i! 

^Tli%^SqsrfR:. 

fcf: m ^^Tlf%3?5qqf1T3^!ffT^qW: I 

^fpapjT W% 3T BTTqWT =?T 

m, mpfw mr <ii%, %5r# w 

frm, $rtb^ i^rlfTf^F %*r m%, iifiifiFW- 
flfsnrr m m, w 

mt, Tijpmrfm 

jRTf 5 ?rt ts^'w^t ?Tff3!%tff^r starch w mi, m$- 
JTKFTi ^sfforf fgiiRT^prm 

%gm%T^lF#qRS20T^FW!%cT^q#^m g^imferrTf- 
mr^t— 

fafqrHp^gprr *FFF I 

jf&ril gsn 3'3Ti: ^TTlt^rmR^ 11 II 

a^TO: ! 

m\ m % gmrf^ i 

wm srrgm^i ’rfsft mmfi % it \ n- ii 



TTWWHRerfi 


mm cFF7 ?pt ; 

Wit? i%3°tt 
^ot^j^otis^: HfffgraFr 
STFTTOT^ SPP! Wm f 
#5«rrT3T0TT % ?3fgt!S«7?%<T 




STRcT^ST^ =f ?3p3f W- 

#S: m *n?aft. m% fa*Fn»T 7 3 

' ■ w. 

<ptt flgwff ^rf^rjar. ^nfs^g 

V5S([ Hf ' 

3^h #wfr^ 


7? I 


wtoto frsrm \m\ ^ 11 \\ 


3TFRR<|?5W ^ 3STT5: .WRRW’re S 
?nm^imii%fTH§: % #r ii ii 


*m$$ 5TW fl%#^-TFT cT^T ^FFF I 
fW m%R*pi: ^]%sft:^qf: || W~!l 

«T^TfT: | 


%*f[ CTBf ^n%33TT: II U II 
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RwnprFrf *f i 

zpTfS^ #5TF?n^ fjTFr g: j| l\%) II 

=f =f fTMT 

fl^TFTi ff^fjsq cf?^ i 

*ws$ rTf^Ti^ 3^ri ^tf^F WT II \\^i SI 
anfi^TSF: I 

Wl^- ?T ^gT^R^fsFF ^%9T| sg: I 
5p#5f^^? 5fW?W II II 

^ fn^i 

?F«tf$cft fsgon^cPTMfT fFTF# I 
I® ff Hfgor ii \ ii 

STITW^: I 

«TT^5T?Rq if *TI%T WOT^TI^TfF I 

^3 ^9 5 ^ : x #n°i i #T#wr H W<\ H 

=*T ffMT 3TT^?W g^T- 

— ; ■ : ; ; 

=*rg?Tf3 FRTT^FT I . ■ 
f| F«F ^fgoT m ’fTT^I I! $xO- || 
3F1W^: I 

TOTt 5 T^t | 

spsfF^g^ g ?fiw u \\o^ n 
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iStrffFRT RffFM H5TT ft^F&sr- 
ftwsr?^ f %*0i Rm, mm $srs§sn 

SR^WT ^fl^ff'Tf ®W IScTFl'R^^Rl^^U- 

m fg^orptf $m, mm .Nss ®th 

O ' N ' r -w! 

i%5°ir^i m\ ficfiw^sKR m- 

WF #F, — 

?niRtOT^^FW£cf ¥!!3W7R ! 
afa»T fixa?q^wS^^rH^JT ; q^T|pf=,-g^ ;j {\{^ \\ 
si}cjr efforts: mgo?! iv ^IT^-TPTF? ! 
^W^RTRTri ^S%it. ^PT I 
c^FfcRSfq%: R^PT%f^FFfSl I! K\\ li 
3T^T^: s 

3RR«31ffPrw£^ k SPrtePRJJt: 1 

v*> 

5 r m irfonr itjt pf 5 ^ wm 11 u» n 

3fN^M t %% mm TO>R: I 
*rwra s^f T^%m srw^Miwf ti K\s ii 
k m h«wr «r?n%f tI^jr i 
fs^TFT SFnsqpi mm il !H si 

3=5^ f#? cf^qqrg^rr^: srp^ h ^\s ii 

3R|\^RT: | 
cRp m$Rm irfofrR | 

=ca rr ¥T m\ m^pU ii { \< ti 





WfTW wrer «R liWfTOTcTi? 1 

%on ¥r m%- m q^Pr: n {i 

qpr- 

a^it -qif^q m^^r- 

^ *i=rc- — 

^fWffKfmitfcr^JT f| fff^^fTT^sqjfC I 

t» •—* 'O 

^■wft m& n ? %\ h 


^FcTW ?TF?: *TR?Rfl55 FRlfRPPq I 
flsq ^IfTt II tV% || 

cfTRT^IHfT^Pf^-T^W gffcftckWL I 

g: ajfTcf ^i%i: r^«f: II ?88 II 


«rm^TO I?' cF^TlSfiTT ^ ^qq- II ?8^ || 
fjNpTqjpq q TO— 

F>-^-T^'- : '. f vr : :' ;:, ^-.F ,\F :;" ■ v . ..■ ;= I-''::;.'-;'-.- ■■ v- ' 'C. 

HWFfcRq TOcR:wf qffRBfcra; i 

^TcfRTiqcfq|T«r^TI%23fT II ?8$ II 
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i 

ww it ^ ! 

t ft&' H Fqc re ? IJSR RS 1 -' % =CR ^I;5# || \ 8 vs II 

fgfg^^wsRq ^r^fr^Fft mw\, fSR^k 

7W\& tjfafceq, fgwfFRpTSTFFl m- 

qistq 5 cTRgRtTq^cF ftwfer^J? ^TR^HSR— ~ 
cR^%^^Tf#Wfkl TgSTTfm g# 3TTT& I 

fg^JOTT ?TgRI ffl&R: ^qf g% cTf^SUTT: II W<? || 

fJW'FT flSs. TW If #{ ft% RF ft I 

Tt^m^SRr^ flf il !I 

fg^w^imTB^rl jft fejf&nteH i 
ftgsr gFFBIH $355*# T%3W?t II ? V li 
3TgffW: i 

i i 

gfI|§FF55^f^TF £R II {M li 

v^^e^Fif fnwr ^gRKg^l^i 

'W3^H ! 3#?«q5ffr^^ 33SJHR ! 


11 ?M II 


3(^1?: I 

HRWlt HSR*lM ?k : ^ iRgq: | 



gRlRgRm^n mopR n u 


isi 



^TTIoirfsq^It; 


WJWi 3Tfr 

N w s 3 


eqsq'WTO ^ i 

q>qsr fjf sptw«t % qrgf u \ <\\\ jj 

fTIWT 

«\ ' ^ «a * o 

STSffq ^ 5 rK 7 Tqq^Tq^f[l^qRqqTrqq- — 

f^|Hq^gri^f^f^c5 %: ffrfw%fW^!?I I 

^% 9 TST: I 

q^TN $=m fewr^swwr ijmf%rr%n: i 

\nJ • . WS S ' •;■ 

4t#53T ^qq Htt a ^\*pi. 

ffMi rrf^qm^^rrfqgsn^- 

q=m ^r*f- — 

m gqiui^ f i 

fsqwrwepr w q II 

3T^t^rq?: i • $S 5 

JRqTft frwnfT^W5?*q ^*TFTcfl%q I 

£ $3 Fifi fmm spron % ^ n m~ n 

^JRfq ^WT%Wlf¥qf fTMT 


but this- form will not suit the require 




fmpT^T: ^ i! H u II 

I ^fTiSt i 

°s. ^ 

fwii f?p?r wm tf# *rmcmfT n hh~ ii 

^sfJTFIcfi^ fTTPiT c^H5[^^«^rfrJT?fr?iT?m?r?T- 

*T m ^3*>W ^ W?TRT: ! 

w ?4 m% fm ^ 3^555 ^kr: ii hvJ n 

m]\$w: \ 

WfilN ^ qjPTO® W ! 

Ft^^: %\ WF7 4 il \%v\u 
5 qwfnw*it®RTBc 5 ^ g£*n»£ ^ fn^i ?rsri^TT%'^- 

C$ ^ O 

*r gsro.- — 

33 # 3 % ^l®f[ 1 

fkm mm 11 u^- » 

wtl^T^: 1 

*tt*t 4 q$?4 w s^t^t sq-wfTt^r ttfrt^ i 

TS^fgT^^Ff: % =? II Ut- n 



sqpnfri^ i 

?ri%^' tr# mi^ i! u^ ii 

ss*n»& ^ ffMi 

^ ^^5l8q|^prER?q ^ 

tm~ 

^WTpcT^ W^TIfflf T%?g I 
ST[fI%tf*n%g^ fR^T grT^r faf^iti: [| \ || 

I 

^ 'WTORKT ^T fasRt JT^Tfff: z&m: 1 
w# RfnrmgsrfRTor ^ ti 
^^SRTT f?rgFFcr: ^Tfoj^Rt I 

*$5RW ^HHmVc^r fxfTW«?>**r: II || 

®*JTO£$3^w5 ^ ^PPTFfcTlj^ =5T fTMI fTSfRfTK^- 

mfa wnrow 

®s. qj O ©\w N 

;i|: ’ If . If : 

'fraapifarscfr fsgor g^Wnr^ W- i 

fe*RT%gsftq 3**T%g I! ?vs^ || 

:’ ■% 3pi%T9F: I 

HSRSpT WKf I 

*totfmt wff m wmw^m g^^ngji wjn 



=-? w ? w; *frt: n \^s\w 

I 

3# T^Ff^TR^TTrf: I 

*TTf SpRtf TO W!> 555TO 3JI ws: II Vvst^ |j 

gftft’Tmra^ wistW s^ptst l 
55*^3Wfrt £4 TO ^t^5(VT«r II ?\s^ II 

*tfr ajt u \^<:\ n 

$W#M w; i 

jftwre) ^ n ii 


31T%a^It«ff:« 


^F^HSF^- — 

^^riWi^r^tTf sfofi^w w t 

2^-g|f%ffM cfwF^ - H^srsrj^ ii ii 

emi^W: I 

^(f?T fffsN? ^W m: | 

%B W?A af1i^I|fT^T§r^fU%^ II ^8; I! 

fff^T cT^f# 

3# m era. 

'K ^ n d o 

iprei wfTf^Fr^^^'H^FTTOsfq h. 
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rTrwwiw^ $5*4 ^i ^c^- 

^gq 3Joffa»IT°r ?WWW ?5S P|c5 ^1 cTr^^^^RFEFW 3T W^- 

m wfeRrsfa^r 

n ° x ' ^ * fx 

^ W# SRAM qcH^WAFIAffSW SFcRWcP^AfTf *FF I 

^wi ^mzmw^w. mm- 

T ^^qsjFr^q5=cTqiqTfl4fTI Wirt. ! 

'f fra 3 !;— 

-fcF^f TS'FcF’fftt ^^FTffffl ¥ AJTRrTT ! 
affqf^ ^ gpTsf^’fgohsww^* II X<’°\ II 

I 

WSTnttf I 

3T3[fpcT<tTff71WFWSW^ slf? II K^ II 
WW^WFftr. I 

^sjsrt fWT= sfhnt wismmw n ? s\\ u 

g T ^ T ^ q-^T ^ rTWFW^WF =¥ ¥WT: I 

s^AFWwrsTTSf: #3iwi m\K ii \*\\ ii 
3Tf^W ^SfWfr'FW ^55 cRT^Fffcf!^ I 
qf¥3WTr=FRNT qFlSR^W^W^T Win H !l 

WJHFWi^^t 5RF3WFTW ^1# ¥ ! 

cr^rsfq a§|*tt: *t» ^wmFw*f ii U*\ ii 

$mi. gF\Wl?^#T qmTTf?m I 
q®r: qf^i ^1*4 3fWSW^KP? II II 
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^!pT4i#F: WTOT 5ff^g5TT W*W m \ 

II K's; II 

fl^TFrfwm m®. i 

^n=qt 5 »-T W<pT? PFT%T i) I II 

wwigww # 1 <f: g?r 1 

w\ wm^m- %s*ff ^RH 11 K^;' 11 
^*wehwarwww?rffwt frr^ri ctrjr 
m w»w im tfp? w?*s*yi3ra3w$«it ffcral w^i *nsrr 

v\ w \ 1 

cTRrFW*l^K*W R^RWRR^Wf^RR^? RfP^ - 

<n®rf^*rar«r m: mi~i\\ K«; u 

3 T 5 f?W^: I 

w-rikm^^w. m; i 

^■qWWsqzq qf q W^I WiT: li K?J 11 

ItfrsfP* fRTf: WIT: i 

wfw«! R^fw^nwm r *m fmK^- 11 n 

3#^# feT^CSTW: gJTSj% Wffia; W$W: ! 

^ofeq-J SRRTqfW R5W®[%cT: W^: || II 
<RW W^ifkf qffWWWW WPT 1 R ! 

w O 

'TJOTSTfl'^r W^^#TFTWfWRf*?tw II II 

WWT^TOPfiSSWt^qT ^t 1 

w|^5Wcr?Rwi^:qr w^fwiN Pmi %m IS » u 

^sjqgl q is the reading found in tlie MSvh, but it is not correct. 

2 The Band hi in %S?cTt is grammatically incorrect; but the author seems 
to h»re intend'd tk© phonetic fusion for the take of the met e ; yide stanza 204J 
of this chapter. 




STSRTFmsq^rc: 


q frmi 

*wmgj%lfqr pT^T c?^qg?Tffq m fl# 
a^^qpt ^rrt ?# sq^pw? qq?ri^?FPPm r«Tct- 
^T^TPPWpr- q ?rag — 

^S*a* 3 TW 

f<t «sq w?tfr%tcf 11 K$r n 


sprite: i 

ww> q# 5 fFr: &m - 1 

si^t fnpqsm qfefaftrFm il 


^qw^T^^^^tis^qiqr^?!HRrs?T qwtre w- 
?frqlmr^'f?Tffmqi: *ron^ gsr. 

fl*$qFFR *9 ^offT^qprq^q q *J?TfL — 

fegofr HRgPFWf1rf%qg i 
watw fqqqsqr^#: II U<^' II 

3 T^T^: | 

qqi^fr f|£fl#r i 

ii f*&| il 

^T^igfW ^ priTf^M^F^qq^Fq: I 

h<ptiWt rarif r^g?*#^ n n 

tlcSRPn^f ^*WIF? qj ft^SPTR 3fT 

gwgq qR^q erfiffoqwr- 
*pqf m rffFPwsqm^f qi mtmmm w* c q wnm 
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ssr filter crsic?fR ? qwim§Fi% 

gq qffiSgq qff^q cJr^ffgq^T ^R^qRqq^- — 

1 q m i 

qffoscq ^gq fNpreq ii h 
^ i^R^Tf T=n '3 I 

SfFTfq 5fT’^ ^TF7 ^ ^jt] Ii II 

mw\ ^imh. i 

m 5fF^M fRFF?r^f[ cfr ir»^ ii 

«R^T*F: I 

^sRSTtew: F^TFq^rj^TFrTftcr: j 
RT# RTTWT ¥ 3THm If 

■ O '*\ 

q T53 qf^qpRfq c$m II \e\ || 

•mtrRIIWI^TFq^^ I 

mi^qtqeq qqjsr i%^iF^icfi n \o\ \\ 

m u*?iqm qqm i 

wriwqfi ?r^ mm§ -%q?Hf*?q n 
wi^it i%qm ItsFRlsq jrpmff 11 » 

mw^T^Rft^r FTR^i^q i 
qR«i £if%i%qqt#«r m$v- m^j 11 w* w 
«fFFRT^of|- It WRsqvt tTRwl I 

^RI^I ^TTcTT cfR^qRTOfqsq W\\\ || 

?nipn#T- 

l. Wi SfRT^ is grammatically incorrect since there can be no sandhi between 
c, % -in tbe deal number and aj[qf% ; vide footnote on page 136. 
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cW RPTRIk^cPT iWP? I 

^RFR: ^IfT: II I! 

t ^ PI# f| ^f^ClFi qtsFTpm: | 

%wm *TT *M 1 #I nffnlFT ?^fFI li II 

psr ^hm wist# s 

S^lfrns^p pqRTtRR ^TTT% || II 

^^sPcfTW^Flf ^ fwmf%#I®T#3n'Jll l?Tg!%^TP- 

^RT^^STtBT R^PffWT I 

l^ri^t 55 ^cTT ^S:%ttTR^fW: || ^ \\\ II 

3nf%#: I 

fR^TSTW ^FP? I 

mw. ^ U^T 55TTP f% R ^IflfffUi II 
PR^T 3 # =?R# 3RT RT^T RtBT I 
Tg;PPP^!Tt#^3T: RT I! II 
9WR§^T3RRPTmT^ 3 J^#TT I 
flmprg^n^TpiR w?5 ii \\(~\\ 
sqsFI 5fM|5I TS'Wp I 

wi#: qFtsgr t%rpt; h n 

15F*FI =f ! 
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qif T3FF? i 

T5R#q ^TTflftT 5C fTH IS X R 


F tsflWF*^ qff qf?q II V? |i 

^o^sqt^ioqiHj |tT^T cR?T FtH^ I 

gsrr gomf^r m m gw^ii si wjj n 
s 

l^qsqrtf^TOTI^a'lS^ ?TT%^ | 

fls^srrarefrsnf&r ?r# mi^ 11 w’- n 

arm^isi f%^rr ^*r*W ^ 

w^qf *r inert 

qfrq: qft’T W?L I 

fqeWlSqf iW^flw: II W; II 

C* «f 

3f=ri\^Tcf?: I 

C rs. 


*mgi$rT?W srqiofT 

fp|^T qi%cfxqfr n n 

mti qfi^q ctsfrk” 

qjorfq 





afro i 

■w w 0 

qWT WtW$ sq^? f%f|sj?!TFff: II I! 


fr^ftf^sqm^ q fif^qr fnsri 


wiRTwriw^w. w imi w ^ \ 

W\ \ 

^fartfoj RSTFTqR. II II 


f^r fxT^T WWW RTIW^sq^r jFW I 
TOst If q^WIT: W ^Rm^T 1 1 W<\ II 

% w : ? qf q ffM! SRSW 5 ^ «W«n» 


q ^ttw jpprTTi^n^mfW: i 
^Tf*T*q*#lcTRRj*%^ RRKW: II II 


^nr? q f I 

5qj ^rjST ?®5T qsqsqmT 3iq<qjtsq || II 

mfrrSR^qFT WIT^RWq I twWfcl gRf 5 ^- 





TT^PT: 


\*3 

^ ■ ifN, 

■ ■ ■;■; o 

Hf 9 ?I ^TH 'RTT?TT 1! \ I! 

mm mm #i%# 3n(|rf!R 
Mi ^sif% giWaFwnf wtr .(fo) i 
^f%#F^«q5qR'^i?q:TTi% 

5 PF 7 TFT ffMRt ^^fK^TcT^II T I !! 
^5lf%Cf^. 

m — 

Rqqrf irmic^^Tcfre f#r t 
gc^T^ gwg; =,-d[5(-ij?q55^T.iHrf ii \ ii 

mm t«ppT f\mw *ifara^ i 

gRcT^|I%^^ *Rc^?FF<JR II 5 ? 

3 R%PF:. 

??w^r*rc*JTst gif: %m i 

RIcFTPW T% I! H II 

i%3r^t in%?ri:i|w 3 i 
qsfsRTfSM wp^ 1% gRFTfLlI \ il 
if 1 

Mi mm m mmw t% m spiq \\^ \\ . 
snw^«R «7 ; p: 1 

W'-iwj mm mmm 11 <r 11 

14 : ; i;I:i:y:Il:'f.lIi : ;.I’ I — !'■;■: 
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3*#^^ =-T '37FfefT^5 ^ 

fippqf 

^Tf^nfFRcf! ^ || 

Jl%m IfSTMcTf: ^fll%^#fr3Tm %m?i ! 

<K& rRm' || \ o II 
F?FF ^TfFFFTR £T^Fi imi%T =? | 
sfpf^s mm it 

f| ^TO5H. I! II 

m^m-- i 

«rr^t F^rmwif $mm #' i 

m ^r i% n sftsuiji 1! 

\ 

errrr ^^ifmTTcmfT? ^ i 

^ft SPT f% *TFRf =5f ^P555^ II ^ n 

*TOft mi fMN* as i 

3«TT 11^,7 ^i: 1% 11 ? 1| 

iw: i 

srerr g& ^nswl i% w% n ? ^ u 

TO7€TO: fR#77?7F?#^s?wil | 

c \ '<* . 

' T^cTO I^rL^T ^T m tiftsqg || * ^ || 

FIW* ^TTI^F *[sq T%£>TtT^ | tjgj^y | 

^ w ^t f% m Cwsy ^ u 
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?TTTf7 ifWOT I 

\ ~J 'OO W ’N ' 

ssn?r: IR^II 

^T^§#?|*TT 3pTS*T?ff: I 

^p#rr Mfi rira; n ^ 11 

Sell ^|5f^TT#T ?TT?f ^ ^71%^ 

tfRTffS m&l mm ®Ri TO'IWW *f 


efSFjfl: ^FTfcTT m\ g*?T t fi3>3 o r ^WlW^fL I 
m^pw w it ^ ii 

3TW%W: i 

Tf SW7-’ li * '*) II 


T%f*M ps^iii: # *r j?«fRig; ! 

sfip^Sfr Iff 'TSf for rT^fif^ JTFTcffj^^ II K~ 


^rH^FSfi: *3FPli&RWrWT % ^IFf^Tqf q^ fNr?- 

*\ 


«\ *v 

®v ^ 


L.« 


'37HITO7# ^#41 sqTflflff&RT: II || 

^ w-.^ O t 

*?!%! ^ FT FT%W ! 

O.- " "O. , \ 

^wftcmt =4 II \o^ ii 
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srrf^i i 

erpSt ?r^55firNl # If: w II 

■*m ^ w^ifr- 

gsriff^FrqsRq, «PRl£llWf =f fjRft— 

pgori^T s 

: t 

^mfr^rr *?m i 

mi m mmm\ w. %sq r; n R's- n 

O O ®\, «i* 

^RfnXWi — 

«2\ 

5Rmf f^ilg°T[ m wssrRfTii# *f?wcf^ i 
^ f is x<rj ii 

3R%R?: | 

R^T#5F*5R =f WW I 

f% SfffpT^S ?rm?5 ^TR I 3?qq |J ^ II 

W- 

rigor ii n 

mffW: I 

q qoTfqRT i 

w mm is ^ u 


14 ? 



I 

j;.# 

* 

.i 

Sfjcejj WlM Wr^TT 

^TfjSfom^ • 1 

cf^FTO W-3 mmW' 1! 

m^rWTfW rT^JTrfqt ST^pcT II H U 

: j ■'%■ * 

| s 

J _ 4>*X fS 

1 gc{f: ^onT^fsi: ^p?m>$T W*?Td eiTO^ I 

II \% II 

^Tqfj^cnq W*# — 

j 

| ^w? <ra l 

’ r II ^ ii 

: T ?{WcTT5' Fff^i^T H^TT ^FTf I 

3%5ic?r4 vm ^mm * § iff n U n 

; gfjtft *rc^g*«n ^rat^pn’: 5 *^ ^ * 

gf^wi ^ ^ a 

I r . m% *m\ 3t hMi t 1 i 

1 qsjf|?cRJTcf5T55^RT^ ! ^ 3R5W I 

m3 .STH ^ f^FF? SI kJ- II 

l fflHHTOf I’Hf *3§ff3PFt *T s lW ^ I 

^ ^rpi^ =f ^r n s°~ a 



an nm ^ j 


wmm stsssriot fr is 

'-* v ■ v 


pn ??JcnRFRR cTR 


P^j^^rr rt 








gwcrsw ymm 


?TTsPT=asq- e*mi I g}0^ 

wm^\ wwffw c rm^^i: M%& M 11 11 

yri^idsq w5F?«m#r %f?<r m\ I 

wf^T tg: T%m#f WP W (I ^ I! 


W W^WW 11 M; II 


stmw: I 


gmt ^ sqro: I 


5RT CT1WT W wm ^WTJ I! Mr I 


STPFT? WT^Rar m ?T§ T%TOT?rqq-^ ^ 




*tfpt# fepr to'4^sot?w 

,®V , - VP" >J ' . O , Q\. ■ \*J w 1 


t^TORTW faWWB^n OTT II II 


3T^^: I 





HT^K^? SWiPfoT 


WnW^l 


^«Fnsr TOfwi^jT i 
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fWfw°T wwi i 

II $<\ S! 

3?Frkf ?Tf qqj \ 

FTcRI^RTWT 3TO^:TT ^tffR II U II 

o o o o 

^ffqoff^rfqp^tfTk^I^q I 

^BURI%f^FRFTTfi: f^=§k? Hfp: It ^ )| 


?Wi TR: WTO ftcfi-3? TOR: I 


filiTNTO ^rrr mm rrt 


W RI3TOR:. 

^TTRT^T: ^TTT%^rT: srsfprf snTrggfTTcf^q^^f^: 1 | 

w. h mmvm'htit qqn% ^ n \ u 

mil mzm:-~ 

i%?q #^T|rl^mTOT^frww n ^ n 

cTS^^^TcTlf^Tlt- 

wn wnfj ^ i 

SSttM g^QT 

qfl-gj n 3 ii 

fM- 

^WF^Ff qr^^^K^ftffq | 
cff^Mqsq fSjfe T : SR^. 

Wte |i « || 

fstprf h S! 

55f RT WM I 

^3^^ fsRTijc^ Tf^t || || 

^fffwrrj firwi^m?^R ^ l 

Rjt ft tilq II $\ II 
K'TqH l^T^qf ^%q^Tf^|Rqpjb| | 

TOT 5Wm #?JTTff WRFDrRjifl: | ( ^ || 

1 M read® cfcg:. ’ 
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m^mm mm mm mm 

cf?^i^FT?FT?T^ — 

0 \ 
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CHAPTER I. 

ON TERMINOLOGY. 

Salutation and Benediction, 

1. Salutation to Mahavlra, the Lord of the Jin as, the protector 
(of the faithful), whose four * infinite attributes, worthy to be 
esteemed in (all) the three worlds, are unsurpassable (in excellence), 

2. I bow to that highly glorious Lord of the Jinas, by whom,' 
as forming the shining lamp of the knowledge of numbers, the 
whole of the universe has been made to shine. 

3. That blessed Amoghavarsa (i.e . 9 one who showers down 
truly useful rain), who (ever) wishes to do good to those- whom 
he loves, and by whom the whole body of animals and vegetables, 
having been freed from (the effects of) pests and drought, has been 
made to feel delighted : 

4. He, in whose mental operations, conceived as fir©, the enemies 
in the form of sins have all been turned into the condition of ashes, 
and who in consequence has become one whose anger is not futile ; 

5. He, who, having brought all the world under his control 
and being himself independent, has not been overcome by (any) 
opponents, and is therefore an absolute lord (like) a new God of Love : 

6. He, to whom the work (of service) is rendered by a circle 
of kings, : whu have' been overpowered by the progress of (his) 
heroism, .and who, being Oakrikabhahjana by name, is in reality, 
a erikrtkoAhmjana (i.e. 9 the destroyer of the cycle of recurring 
re-births) : ' ;■ ; -A d V v \ • 

• These -four attributes of ■ Jiria Mahavlra are said, to be His; faith,. 
i»g*, blissfulness and power. , 
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7. He, who, being the receptacle of the (numerous) rivers of 
learning, is characterised by the adamantine bank of propriety 
and holds the gems (of Jainism) within, and (so) is appropriately 
famous as the great ocean of moral excellence : 

8. May (his rule)— the rule of that sovereign lord who has 
destroyed in philosophical controversy the position of single con- 
clusions and propounds the logic of the syddrada * — l may the rule) 
of that Nrpatuhga prosper ! 

An Appreciation of the Science of Calculation. 

9. In all those transactions which relate to worldly, Vedic or 
(other) similarly religious affairs, calculation is of use* 

10. In the science of love, in the science of wealth, in music 
and in the drama, in the art of cooking, and similarly in medicine 
and in things like the knowledge of architecture : 

IT, In prosody, in poetics and poetry, in logic and grammar 
and such other things, and in relation to all that constitutes the 
peculiar value of (all) the (various) arts : the science of computation 
is held in high esteem. 

12. In relation, to the movements of the sub and other heavenly 
bodies, in connection with eclipses and the conjunctions of planets, 
and in connection with the triprama f and the course of the 
moon — indeed in all these (connections) it is utilised. 

18-14. The number, the diameter and the perimeter of 
islands, oceans and mountains ; the extensive dimensions of the 
rows of habitations and halls belonging to the inhabitants of the 


* The syadvMa jB a process of reasoning adopted by the Jainas in relation 
to the question of the reality or otherwise of the totality of the perceptible 
objects found in the phenomenal universe. The word is translatable as the 
may-be-argument ; and this may -he-argu m ent declares that the phenomenal 
universe (1) may be real, (2) may “not be real, (3) may and may not be real, (4) 
may be indescribable, (5) may be real and indescribable, (0) may be unreal and 
indescribable, and (7) may be real and unreal and indescribable. The position 
represented by this argument is not, therefore, one of a single conclusion, 
t The triprasnu is the name of a chapter in Sanskrit astronomical works ; 
and the fact that it deals with three questions is responsible for that name. 
The questions dealt with are Dik (direction), (position) and KMa (time) as 
appertaining i* the planets and other heavenly bodies. 
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(earthly) world, of the interspace (between the worlds), of the 
world of light, and of the world of the gods ; (as also the dimen- 
sions of those belonging) to the dwellers in hell. : and (other) mis- 
cellaneous measurements of all sorts — all these are ' made out by 
means of computation. 

15. The configuration of living beings therein, the length of 
their lives, their eight attributes and other similar things, their 
progress and other such things, their staving together and such 
other things— all these are dependent upon computation (for their 
due measurement and comprehension). 

16. What is the good of saying much in vain ? Whatever 

there is in all the three worlds, which are possessed of moving and 
non-moving beings— all that indeed cannot exist as apart from 
measurement. . ' . : y ■■■ , yyyydy 

17-19. With the help of the accomplished holy sages, who 
are worthy to be worshipped by the lords of the world, and of their 
disciples and disciples’ disciples, who constitute the well-known 
jointed series of preceptors, I glean from the great ocean of the 
knowledge of numbers a little of its essence, in the manner in 
which gems are (picked up) from the sea, gold is from the stony 
rock and the pearl from the oyster shell ; , and give out, according 
to the power of my intelligence, the Sdramngraha , a small work on 
arithmetic, which is (however) not small in value. 

20-23. Accordingly, from this ocean of Sdrasangraha , which 
is filled with the water of terminology and has the (eight) arith- 
metical operations for its bank ; which (again) is full of the bold 
rolling fish represented by the operations relating to fractions, and 
is characterised by the great crocodile represented by the chapter 
of miscellaneous examples ; which (again) is possessed of the waves 
represented by the chapter on the rule-of-three, and is variegated 
in splendour through the lustre of the gems represented by the 
excellent language relating to the chapter on mixed problems ; and 
which (again) possesses the extensive bottom' represented by the 
chapter on area-problems, and has the sands .represented ;by thef 
chapter on the cubic contents of excavations;, and wherein (finally) 
shines. ; forth 'the ■ advancing tide :: represented by ■ - $]fe ' ' chapter.. 
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shadows, which is related to the department of practical calculation 
in astronomy— (from this ocean) arithmeticians possessing the 
necessary qualifications in abundance will, through the instru- 
mentality of calculation, obtain such pure gems as they desire. 

24. For the reason that it is not possible to know without 
(proper) terminology the import of anything, at the (very) com- 
mencement of this science the required terminology is mentioned. 

Terminology relating to (the measurement of) Space. 

, 25-27. That infinitely minute (quantity of) matter, which is 
not destroyed by water, by fire and by other such things, is 
called a parammn . An endless number of them makes an atm, 
which is the first (measure) here. The trasarenu which is derived 
therefrom, the ratharem , thence (derived), the hair-measure, the 
louse-measure, the sesamum-measure, which (last) is the same as 
the mustard-measure, then the barley -measure and (then) the aiigula 
are (all) — in the case of (all) those who are born in the worlds of 
enjoyment and the worlds of work, which are (all) differentiated as 
superior, middling and inferior — eight-fold (as measured in relation 
to what immediately precedes each of them), in the order (in which 
they are mentioned). This angula is known as vyarnh arm gula . 

28. Those, who are acquainted with the processes of measure- 
ment, say that five-hundred of this ( mjavahar angula ) constitutes 
(another aiigula known as) pramdna . The finger measure of men 
now existing forms their own angula. 

29. They hold that in the established usage of the world 
the angula is of three kinds, vyavaham and pramdna constituting 
two (of them), and (then there being) one’s own aiigula ; and six 
angulas make the foot-measure as measured across. 

30. Two (such) feet make a miasti ; and twice that is a had a. 
Four has tas make a danda, and two thousands of that make a 
krosa. 

31. Those who are well versed in the measurement of space 
(or surface-area) say that four hrosas form a yog ana. After this, I 
mention in due order the terminology relating 'to (the measure- 
ment of) time. ' 
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Terminology relating to (the measurement of) Time. 

32. The time in which an atom (moving) goes beyond another 
atom (immediately next to it) is a samaya; innumerable samnycm 
make an avali. " ■ ■ .. 

38. A measured number of amlis makes an. ucckvam; seven 
ucchmsas make one stoka ; seven stohas make one lava, and with 
thirty-eight and a half of this the ghafl is formed. 

34. Two gkaMs make one muhurta ; thirty muhurtas make one 

day ; fifteen days make one pahsa ; and two pahms are taken to 
he a month. , 

35. Two months make one rtu; three of these are understood 
to make one ay ana ; two of these form one year. Next, I give the 
grain-measure. ■ 


Terminology relating to (the measurement of) Grain, 

8®. Know that four sodaiikas form here one hudaha ; four 
kudahm one prastha ; and four prasihas one ddhaka. 

37. Four adhakas make one drbna, and four times one drona 
make one mam ; four mams make one Man ; five hhdris make one 
pramrtikd. 

3d. Four times that same (prauartikd) is a mha ; five pravar - 
tihds make one kumbha. After this the terminology relating to 
the measurement of gold is described. 

Terminology relating to (the measurement of) Gold, 

80. Four gandahas make one gunjd ; five gunjds make o nepana, 
and eight of this (pam) make one dharana ; two dharam* make 
one harm , and four harms make one paid. 

Terminology relating to (the measurement of) Silver. 

\ 40, Two grains make one gunjd ; two gunjds make one' mam ; 
sixteen'; mams are said' here to. make one dharana, 

4L Two and a half of that (dharam) make one harm ; four 
purdnas' { or harms) make one' pah — so say perspns .well.yexsed.in-' 
halculMiondn respect of the' measurement of silver ’according to the 
..'Standard' current in ■ Jtagadha. T ; ■ ■ . ' 1 ; : ' 
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Terminology relating to (the measurement of) 
Other Metals. 

42. What is known as a laid consists of four fddas ; six and 
a quarter halds make one yam ; four yaws make one aMa ; four 
athsas make one bhdga. 

43. Six bhdgas. make one draksuna ; twice that (draksum) is 
one dinar a ; two Unarm make one satera. Tims say tlie learned 
men in regard to the (measurement of other) metals. 

44. Twelve and a half pahs make one prastha ; two hundred 
polos make one tula ; ten tulds make one bhdra. Thus say those 
who are clever in calculation. 

45. In this (matter of measurement) twenty pairs of cloths, of 
jewels or of canes (are called j a kdfikd. Next X give the names of 
the (principal) operations (in arithmetic). 

Names of the Operations in Arithmetic. 

46. The first among these (operations) is gmakdra (multiplica- 
tion), arid it is also (called) pratyutpmna ; the second is what is 
known as bhdjjahdra (division) ; and krii (squaring) is said to he 
the third. 

47. The fourth, as a matter of coarse, is vargg~mMfa (square 

root), arid the fifth is said to be ghana (cubing) ; then gkanamula 
(cube root) is the sixth, and the seventh is known .(summa- 

tion). 

48. This is also spoken of as sahkalitci. Then the eighth is 
vyuikalita (the subtraction of a part of a series, taken from the 
beginning, from the whole series), and this is also spoken of as 
sem* All these eight (operations) appertain to fractions also. 

General rules in regard to zero and- positive and 
negative quantities. 

49. A number multiplied- -by zero is zero, and that (number) 
remains unchanged when it is divided by,* combined with (or) 

* It can be easily seen here that a number when divided by zero does not 
really remain unchanged. Bbaakara calls the quotient of such zero-divisions 
khahma and t ightly assigns to it the value oi infinity. Mahavlr&earya obviously 
thinks that a division by zero is no division. at all. 
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diminished bj zero. Multiplication and. other operations in rela- 
tion to zero (give rise toj zero ; and in the operation of addition, 
the zero becomes the same as what is added to it. 

50. In multiplying as well as dividing two negative (or) 
two positive (quantities, one by the other), the result is a positive 
(quantity). But it is a negative quantity in relation, to two 
(quantities), one (of which is) positive and - the other negative. 
In adding a positive and a negative (quantity, the result) is (their) 
difference. 

51. The addition of two negative (quantities or) of two 
positive (quantities gives rise to) a negative or positive (quantity) 
in order. A positive (quantity) which has to be subtracted from 
a (given) number becomes negative, and a negative (quantity) 
which has to be (so) subtracted becomes positive. 

52. The square of a positive as well as of a negative (quantity) 

is positive ; and the square roots of those (square quantities) are 
positive and negative in order. As in the nature of things a 
negative (quantity) is not a square (quantity), it has therefore no 
square root. ;.'/h y 


•; 53—62. , [These .stanzas ' give; certain names of certain things, which names 
are frequently vised to denote figures and numbers in arithmetical notation. They 
are not therefore translated here ; but the reader is referred to the appendix 
wherein an alphabetical list of such of these names as occur in this work is given 
with their ordinary and numerical meanings. J . 

The names of Mutational Places, 

68. The first place is what is known as eka (unit) ; the second 
place is named clam (ten) ; the third they call as ktta (hundred),' 
while the fourth is sahasra (thousand). 

64. The fifth is dam-sahmra (ten-thousand) and the sixth is 
no other than lakm (lakh). The seventh is dasa-hksa (ten-lakh) 
and the eighth is said to be Jcdh (erore). . ' 
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65. The ninth is dma-kdU (ten-erore) and the tenth is Ma- 
MU (hundred-crore). The (place) characterised by eleven is arbuda 
and the twelfth (place) is ny arbuda* 

66. The thirteenth place is Jcharva and the fourteenth is malm- 
kharva. Similarly the fifteenth is padma and the sixteenth maha- 
padmct , 

67. Again the seventeenth is hsom, the eighteenth maharhs&m. 
The nineteenth place is smikha and the twentieth is mahd-sankha . 

68. The twenty -first place is Mitya, the twenty-second mahd - 
Mitya. Then the twenty-third is Mob ft a and the twenty -fourth 
maha-ksohha. 

69. By means of the (following) eight qualities, viz., quick 
method in working, forethought as to whether a desirable result 
may he arrived at, or as to whether an undesirable result will be 
produced, freedom from dullness, correct comprehension, power 
of retention, and the devising of new means in working, along 
with getting at those numbers which make (unknown) quantities 
known — (by means of these qualities) an arithmetician is to be 
known as such. 

70. Great sages have briefly stated the terminology thus. 
What has to be further said (about it) in detail must be learnt 
from (a study of) the science (itself). 

Thus ends the chapter on Terminology in Sara- 
sangraha, which is a work on arithmetic by Maha- 
Ylracarya, 
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CHAPTER II 


arithmetical operations. 

The First Subject of Treatment, 
we shall expound the first subject of treatment, 
ed Pariharmctn ■. 


Multiplication. 

i n relation to the operation of multiplication, 
ig the parihirmcm operations), is as follows: 
(the multiplicand and the multiplier on© 
the manner of the hinges of a door, the 
be multiplied by the multiplier, in accord- 
f) the two methods of. normal (or) reverse 
. the process of (i) dividing the multiplicand 
, multiplier by a factor of the multiplicand, 
aultiplicr and multiplying the multiplicand 


ix pressed, this rule works out thus : 

ah by ed, the product is (i) — * ( a x cd ) * 01 ' M ^ ai * *’ * 

Obviously the object of the first two devices here is to 

ouffh the choice of suitable factors. _ « 

or normal method of working is the one that is geneia j 
X or the reverse method of working is as follows;- 
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by a factor of the multiplier, or (iii) of using the m (in the 
multiplication) as they are (in themselves). 

Examples in illustration thereof . 

2. Lotuses were given away (in offering) —eight of them to 
each Jina temple. How many (were given away ) to 144 temples ? 

8. Nine padmardga gems are seen to have been offered in 
worship in a single Jina temple. How many will they be (at 
that same rate) in relation to $88 temples ? 

4. One hundred and thirty-nine pusyardga gems have to be 
offered in worship in a single Jina temple. Say, how many gems 
(have to he so offered) in 109 temples. 

5. Twenty -seven lotuses have been given away in offering to 
a single Jina temple. Sav, how many they are (which have been 
at that rate given away) to 1998 (temples). 

6. (At the rate of) 1 08 golden lotuses to each temple, how 
many will they be in relation to 85697481 (temples) ? 

7. If (the number represented by) the group (of figures) con- 
sisting of 1, 8, 6, 4, 9, 9, 7 and 2 (in order from the units’ place 
upwards) is written down and multiplied by 441, what is the value 
of the (resulting) quantity ? 

8. In this (problem), write down (the number represented by) 
the group (of figures) consisting of 1, 4, 4, 1, 3 and 5 (in order 
from the units’ place upwards), and multiply it by 81 ; and then 
tell me the (resulting) number. 

9. In this (problem), write down the number 157683 and 
multiply it by 9, and then tell me, friend, the value of the 
(resulting) quantity. 

10. In this (problem), 12345679 multiplied by 9 is to be written 
down; this (product) has been declared by the holy preceptor 
Mahavlra to constitute the necklace of Narapala. 


4. Here, 189 is mentioned in the original as 40 + 100 — 1. 

5. Here, 1998 is mentioned in the original as 1098 + 900. 

10. Here as well ; ; as in the following ■ stanzas, certain numbers : are said to 
constitute different kinds of necklaces on account of the symmetrical arrange* 
mmt of similar figures which is readily noticeable in relation to' them* : 
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- 11. Six 3’s, five 6’s, and (one) 7, which is at the end, are put 
down (in the descending order down to the units’ place) ; and this 
(number) multiplied "by 33 has (also) been declared to be a (kind 
of) necklace. '■ . ' 

12. In this (problem), write down 3, 4, 1, 7, 8, 2, 4, and 1 (in. 
order from the units 5 place upwards), and multiply (the resulting 
number) by 7 ; and then say that it is the necklace of precious 
gems. 

13. Write down (the number) 142857143, and multiply it by 
7 ; and then say that it is the royal necklace. 

14. Similarly 37037037 is multiplied by 3. Find out (the 
result) obtained by multiplying (this product) again to get such 
multiples (thereof) as; have one as the first and nine as the last 
(of the multipliers in order). 

15. The (figures) 7 , 0, 2, 2, 5 and 1 are put down (in order 

from the units 7 place upwards) ; and then this (number) which is 
to be multiplied by 7*3, should (also) be called a necklace (when so 
multiplied), , , | 

16. Writedown (the number represented by) the group (of 
figures) consisting of 4, 4, 1 , 2, 6 and 2 (in order from the units 7 
place upwards) ; and when (this is) multiplied by 64, you, who 
know arithmetic, tell me what the (resulting) number is. 

17. In this (problem) put down in order (from the units’ place 
upwards) 1,1,0, 1, 1, 0, 1 and 1, which (figures so placed) give the 
measure of a (particular) number ; and (then) if this (number) is 
multiplied by 91, there results that necklace which is worthy of a 
prince. 

Thus ends multiplication, the first of the operations known as 

Parikarman . .’Ido A ; '\d i,-. 


II. The multiplicand here is 333333666667. * ’ 

14. This problem reduces’ itself to this : multiply 37037 037 x § by 1, .2, 3 s 
4, 5, 6, 7, 8, and 9 in order. 



'gaitctasIb as \±m aha . 


T Division. 

The role of work in relation to the operation of division, which 
is the second (among 1 the pariJcarman operations), is as follows: — 

18. Put down the dividend and" divide it, in accordance with 
the process of removing* common factors, by the divisor, which is 
placed below that (dividend), ' and then give out the resulting 
(quotient). 


19. The dividend should be divided in the reverse way (t,e. 9 
from left to right) by the divisor placed below, after performing 
in relation to (both of) them the operation of removing the 
common factors, if that be possible. 

’Examples in illustration thereof < 

20. Dinaras (amounting to) 8192 have been divided between 
84 men. What is the share of one man ? 

21. Tell me the share of one person when 2701 pieces of gold 
are divided among 87 persons. ■■■ ■ ■ d" ;: ' ■ 

22. Dinaras (amounting to) 10349 have been divided between 
79 persons. What is it that is obtained b} 7 one (person) P 

23. Gold pieces (amounting to) 14141 are given to 79 temples. 
What is the money (given) to each (temple) P 

24. Jambu fruits (amounting to) 81317 have been divided 
between 39 persons. Tell me the share of each. 

25. Jambu fruits (amounting to) 31313 have been divided 
between 181 persons. Give out the share of each* 

28. Genas amounting to 36281 (in number) are given to 
9 persons (equally). What does one man obtain here ? 

27. 0 friend, gold pieces (to the value of the number wherein 
the figures in order from the units' place upwards are) such as 


20. Here, 8192 is mentioned in the original as 8000 + 92 + 100. 
22. In the original, 10340 is given as J 0000 + 300 4 - 
23* Here, 141 41 is given as 10000 + (40 f 4000 + 1 * 1.00). 

24. Here, 31317 is given as 17 + 300+ SloOO. '• 

25. ' Here, 81313 is given, as 1 B + 300 +' 31000. ; 
m. Here, 86261 


given as 30000 4- 1 * (00 + 200 + 6000 }. 
Here* .the given dividend . is obviously; 1284505482I. ' 
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begin with 1 and end with. 6 , and then become ' gradually dimi- 
nished, are divided between 441 persons. What is the share of 
each? .. '■ ■ 

28, Gems (amounting to) 28483 (in number) are given (in 
offering) to 13 Jina temples. Give out the share of each (temple). 

Thus ends division, the second of the operations known, as 
Partkarman . 


Squaring, 

„The rule of work in relation to the operation of squaring, 
which is the third (among the parihmman operations), , is as 
follows:— ((v . (dh.yy 

29. The multiplication of two equal quantities: or the multi- 
plication of the two quantities obtained (from the given quantity) 
by the subtraction (therefrom), and the addition (thereunto), of any 
chosen quantity, together with the addition of the square of that 
chosen quantity (to that product) : or the sum of a series in arith- 
metical progression, of which 1 is the first term, 2 is the common 
difference, and the number of terms wherein is that (of which the 
square is) required : gives rise to the (required) square. 

30. The square of numbers consisting of two or more places 
is (equal to) the sum of the squares of all the numbers (in all the 
places) combined with twice the product of those (numbers) taken 
(two at a time) in order. 

28. Here, 28488 is given as 83 + 400 + (4000 x 7). : , .. ' 

20. The rule given herein, expressed algebraically, comes out thus : 

(i) ax a a 3 ; (ii) (a + a?) (a — sc} + x” = ; (iii) 1+3+5 +7+ . . .up 

to ft terms =. <ih 

gO. The word translated by place here is WFT • it obviously means a place 
in notation. . Here, as a commentary interprets it, it may also denote the com- 
ponent parts of a sum, as each snob part has a place in the sum. According to 

both these interpretations' the rale works' out correctly. , ' b • ' , ■ ■ (by'..) : ; 

> 4 ;;v ; : '(42g4) 2 ' : ' : ==s ; (f 0 008+^20 0?;+ 30“ + 4 2 ) + '2 : x 

+ 2 > TGv 774. 2 >. ‘IdoTsO 4-2 x 200 x 1 4- 2 x 30 xl. 

Similarly (1 + 243* =(P + 2 s + 3‘ ; + 4 s ) * 2(1 x 2 4- 1 x 3 4 1 x 4 4 2 * 3 + 2x4 
4 3 x 4), 


XTC 
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31. Get the square of the last figure (in the number, the order 
of counting the figures being from the right to the left,) and then 
multiply this last (figure), after it is doubled and pushed on (to 
the right by one notational place), by (the figures found in) the 
remaining places. Each of the remaining figures (in the number) 

J , b ® pushed 0a one P kce ) and then dealt with similarly. 
-This is the method of squaring. ^ 

Examples vri illustration thereof* 

i6, 2; SZ Tit ‘ qnatM °' (the mahm fKm) 1 fo 9 - » f is - 

S3. TO,t .ill 338, 1661 «d 250 bocom. wb.„ ,, Mred , 

8i ’ e ** “ ?on w ’ “• »' 

35. (Each of the numbers) 6887, and then 7135, and (then) 

- ^squared 0 clever arithmetician, tell me, after multiplv- 
mg well, the value of those three (squares). P> 

S5 “” 8 '’ tkW of fl “ M . 




To square 131. 


To square 182 . 


> square 555 . 


1 £ = 1| 

2x1x3= | 6 

2xlxl= j 2 

a s = ’ 9 

2x3x1= 

■1* = 


1 £ = 1 | 
2x1x3= 6 

2x1x2= ! 

3 2 = ! 

2x8x2= I 


la)i I I 

17 16 1 


i I 5 2 = | 25 
J j 2 x 5 x 5 = j 50 
h [ 2 x 5 x 5 — j J so) 


91 | 5 2 

( 2 .x 5 .x 5 
I 4 52 

« ( 0 ! 


1 7 4 2 


°”=i i I 1 i25 

|(5)j(8)j(5) (2)\ 

I s0 8 0 2 5 


33 . Here, 4661 is given as 4000 + 61 + 600 . 
o. Hera, 7135 is given as 135 + ( 1000 x 7 ) . 
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Square Boot. 

, The rule of work in relation to the operation of (extracting) 
the square root, which is the fourth (of the parikarmm operations) 
is as follows : — - 

36. Prom the (number represented by the figures up to the) 
last odd place (of notation counted from the right), subtract the 
(highest possible) square number ; then multiply the root (of this 
number) by two, and divide with this (product the number 
represented by taking into position the figure belonging to) the 
(next) even place; and then the square of the quotient (so 
obtained) is to be subtracted from the (number represented by 
taking into position the figure belonging to the next) odd place. 
(If it is so continued till the end), the half of the (last) doubled 
quantity (comes to be) the resulting square root. 

Examples in illustration thereof. 

37. 0 friend, tell me quickly the roots of the squares of the 
numbers from. 1 to 9, and of 256 and 576. 

38. Find out the square root of 6561 and of 65536. 

39. What are the square roots of 4294967296 and 622521 ? 

40. What are the square roots of 63664441 and 1771561 ? 

41. Tell me, friend, after considering well, the square roots of 

1296 and 625. ** 7 . . 


S6. To illustrate the rale, the following example is worked oat below 
To extract the square root of 05536 : 

6 | 55 | 30 


25 x 2 ~ 50)303(0 
300 


Square root required 
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42. Tell me, 0 leading arithmetician, the square roots of 
110889, 12321 5 and 844561. 

Thus ends square root, the fourth of the operations known 
as Parikarman . 


Cubing. 

The rule of work in relation to the operation of cubing, which 
is the fifth (of the parikarman operations), is as follows : — 

48. The product of (any) three equal quantities: or the pro- 
duct obtained by the multiplication of any (given) quantity by 
that (given quantity) as diminished by a chosen quantity and 
(then again! by that (given quantity) as increased by the (same) 
chosen quantity, when combined with the square of the chosen 
quantity as multiplied by the least (of the above three quantities) 
and (combined) also with the cube of the chosen quantity : gives 
rise to a cubic quantity. 

44. Or, the summing up of a series in arithmetical progression, 
of which the first term is the quantity (the cube whereof is) 
required, the common difference is twice this quantity, and the 
number of terms is (equal to) this (same given) quantity, (gives 
rise to the cube of the given quantity). Or, the square of. the 
quantity (the cube whereof is required), when combined with 
the product (obtained by the multiplication) of this given quantity 
diminished by one by the sum of a series in arithmetical progres- 
sion in which the first term is one , the common difference is two and 
the number of terms is (equal to) the given quantity, (gives rise 
to the cube of the given quantity). 


48. Symbolically expressed, this rule works out thus ; 

. (i) a x a- x -a = a 3 : (ii) a (a b) (a r» b) *f* 5" (o. — b) -f V* === a s * 
44. Algebraically, this' rule means — 

(£) ,« 3 =r 3a + 5a-S-7a-f ........ .to' a 'terms. : 

(ii) a 3 = a s + (a — 3) (1 + 3+ 5 .+ 7+ ....... ..to a terms). 
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45. In an arithmetically progressive series, wherein one is the 
first' term as well as the common difference, and the number of 

v.terms is (equal. to), the given number, multiply the preceding 
terms by the ini mediately following ones. The sum of the pro- 
ducts (so obtained), when multiplied by three and combined with 
the last term (in the above series in arithmetical progression), 
becomes the cube (of the given quantity). 

46. (In a given, quantity \ the squares of (the number repre- 
sented by the figures in) the last place as also (by those in) the other 
(remaining places) are taken ; and each of these (squares) is 
multiplied by the number of the other place and also by three ; the 
sum of the two (quantities resulting thus), when combined again 
with the cubes of the numbers corresponding to all the (optional) 
places, .(gives, rise to) the cube (of the given quantity). , 

47. Or, the cube of the last figure (in the number counted' from 
right to left is to be obtained) ; and thrice the square (of that last 
figure) is to be pushed on (to the right by one notational place) 
and multiplied by (the number represented by the figures 
found in) the remaining (places) ; then the square of this (number 
represented by the figures found in the) remaining (places) is to be 
pushed on (as above) and multiplied by thrice the last figure . 
(above-mentioned). These (three quantities) are then to be 
placed in position (and then summed up). Such is the rule (to be 
carried out) here. 

Examples i\ i iUus trillion thereof \ 

48. Give out the cubes of the numbers from 1 to 9 and of 15, 
25, 84, 77 and 96.' 

: 49. Give out the cubes of 101, 172,, 516, 717 and 1844. 


■ + a~ 1 x i 


45. 3 | 1 x .2 + 2 x 34 3 x 4,+ 4 x 5 + . . . +a~ 1 x a j + a = a 3 . 

46. 3a-6 + 3ffb 2 + a s + b 3 = (a + &) 3 . To make the rule general and applicable 
to numbers having more than two places, it is clearly implied here that (b + c) 
+ &e(fc +<?) s + a 3 + (6 + c) 3 = (a+& + fi) 3 i audit is obvious that any number may 
be represented as the stun of two other suitably chosen numbers. 

47* The poshing on of a figure here referred to is similar to what is exhibited 
in the note under stanza 31 in this chapter. 
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50. The number 213 is cubed ; and twice, thrice, four times' 
and five times that (number are) also (cubed ; find out the corre- 
sponding quantities) . 

51. It is seen that 168 multiplied by all the numbers from 
1 to 8 is related (as base) to the required cubes. Give out those 
cubes quickly . 

52. 0 you. who have seen the other shore of the deep and 
excellent ocean of the practice of (arithmetical) operations, write 
down the figures 4/0, 6, 0.5, and 9 in order (from right to left), 
and work out the cube of the number (represented by those 
figures), and mention the lesult at once. 

Thus ends cubing, the fifth of the operations known as 
Parikarnian , 


Cube Boot. 

The rule of work in relation to the operation of extract- 
ing the cube root, which is the sixth (among the pmikarm,an 
operations), is as follows : — 

58. From (the number represented by the figures up to) the 
last ghana place, subtract the (highest possible) cube ; thou divide 
the (number represented by the next) bhcLfya place (after it is 
taken into position) by three times the square of the root (of that 
cube) ; then subtract from the (number represented by the next) 
loihya place (after it is taken into position) the square of the 
(above) quotient as multiplied by three, and by the already men- 
tioned (root of the highest j ossible cube) ; and then (subtract) from 



and 54. The figures in any Given number, the cube-root, whereof is required, 
are conceived in these rules to be divided into groups, each of which consists as 
far as possible of three figures, named, in the order from right to left, as alarm 
or that which is cubic, that is, from which the cube is to be subtracted, as sodhtja 
or tli at which is to be subtracted from, and as bhfrjya or that which is to be 
divided. The bhajya and mdhya arc also known as aghana or non-cnbic. The 
last group on the left need not always consist of all these three figures; it may 
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the (number represented by the figure in the next) ghana place 
(after it is taken into position) the cube .'(of this same quotient). 

54. One (figure in the various groups of three figures) is cubic : 
;tw' 0 . : ^are;non."eubie.; Divide (the non-cubie figure) by three times 
the square of the cube root. From the (next) non-eubie (figure) 
subtract the square of the quotient (obtained as above and) multi- 
plied by three times the previously mentioned (cube- root of the 
highest cube that can be subtracted from the previous cubic 
figure) and (then subtract) the cube of the (above) quotient (from 
the next cubic figure as taken into position). With the help of 
the cube-root -figures (so.) obtained (and taken into position, the 
procedure is) as before. 

Examples in illustration t hereof , 

55. What is the cube root of the numbers beginning with 1 
and ending with 9. all cubed; and of 4913; and of 1860857 f 

56. Extract the cube root of 13824, 3692603 7 and 618170208. 


consist of one or Uvo or three figures, as the case may be. Thu rule mentioned 
will be clear from the following worked out example. 

To extract the cube root of 77308776:— 


4~ x 3 '«* 18)133(2 


42- x 3- 5202)32207 (0 
31752 


The rule does not state what figures constitute the cube root ; but it is meant 
that the cube root is the number made up of the figures which are cubed m this 
operation, written down in the order from above from left to right 
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57. Grive the cube roots of 270087225344 and 76332940488.. 

58. Give the cube roots of 77308776 and also of 260917119. 

59. Give the cube roots of 2 427715584 and of 1626379776. 

60. 0 arithmetician, who are clever in calculation, give out 
after examination . the root of 859011369945948864, which is a 
cubic quantify. 

Thus ends cube root, the sixth of the operations known as 
Partkarman . 


Summation. 

The rule of work in relation to the operation of summation of 
series, which is the seventh (among the partkarman operations), 
is as follows : — 

61. The number of terms in the series is (first) diminished by 
one and (is then) halved and multiplied by the common difference; 
this when combined with the first term in the series and (then) 
multiplied by the number of terms (therein) becomes the sum of 
all (the terms in the series in arithmetical progression). 

The rule for obtaining the sum of the series in another 
manner 

62. The number of terms (in the series) as diminished by one 
and (then) multiplied by the common difference is combined with 
twice the first term in the series ; and when this (combined sum) is 
multiplied bv the number of terms (in the series) and is (then) 
divided by two, it becomes the sum of the series in all cases. 


CL This rule comes out tbits when expressed algebraically 

/«— i y„ \ 

\ 2~~ . + 4/ w== where a is the . first term, b the common difference* n 

the number of terms, and S the sum of the whole series. 

1) b-f 2 a | n 
62 , Similarly, ^ 
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The rule for finding out the Mid luma, the vAlaradhana and 
the sarmdhana : — 

83.' The ddidhana is the first term multiplied by the number 
of terms (in the series). The iittaradhmia is (the product of) the 
number of terms multiplied by the common difference (and again) 
multiplied by the half of the number of terms less by one. The 
sum of these two (gives) the sarvadkana, he?., the sum of all the 
terms in the series ; and ( this sum will be the same as that of a 
series which is) characterised by a negative common difference, 
when (the order of the terms in the series is reversed so that) the 
last term is made to be the first term. 

The rule for finding the mityadhana , the niadhtjadluma and 
the mrcadhana : — - 

6i. The number of terms (in the series) lessened by one 
and multiplied by the common difference and (then) combined 
with the first term (gives) the aniyadluma. Half of the sum of 

68-6 In these rales, each of the terms in an arithmetically progressive 
seiies is supposed to be obtained by adding to the first term thereof a multiple of 
the common difference, the nature of this multiple being determined by the 
position' which any specified term holds in the series. According to this 
conception we have to find in every term of the series the first term along with a 
multiple of the common difference. The sum. of ali such first terms so found is 
what is here called the ddidhana ; the sum of all such multiples of the common 
difference constitutes the vttaradhana ; and the sarvadhava which is obtained by 
adding these two sums is of course the sum of the whole series. The expression 
aiityadhana denotes the value of the last term in an arithmetically progressive 
series. And madhyadhana means the value of the middle term which value, 
however, corresponds to the arithmetical mean of the first and the last terms in 
the series, so that when there are 2% + I terms in the series, the value of the 
(•» + 1) th term is the madhyadham- f but when there are: 2 n terms in the series 
the arithmetical mean of the value of tlie nth term and of that of the (n + l)th 
term becomes the madhijadhana. Accordingly we have 

(1) Adidhana — « x a. 

(2) Uttaradhctna =■- ~~~ — * n x b: 

(3) Antyadha-n a_r=. (-» — 1) x h -f a, 

j" (n — 1} I? 4 & i + « 

(4) Madhyadhana » -i — . 

• ' . n — 1 

(5) Ssiwitea -(!). + (2) - (* * a) + ( ~ 2 * >< * t<) i 


-<*> 


* n x 


| (// — 1) b + aj 


+ Hi. 





AKITA SA RASANG HA HA , 


this (anUjadhana) and the first term (gives; rnuun^ua. 
The product of this {nuidhyaMana) and the number of terms (m 
the series gives) the desired sum of all the terms therein. 

Examples in illustration thereof. 

05. (Each of ) ten merchants gives away money (in an arith- 
metically progressive series) as a religious offering, the first terms 
of the (ten) series being from 1 to 10, the common difference (in 
each of these series) being of the same value (as the first terms 
ja «,i. number of terms being It) (in every one of the 


Ifc js quite obvious that ait arithmetically progressive series having a negative, 
common difference becomes changed into one with a positive common difference 
when the order of the terms i is' reversed throughout so as to make the "last of 
them, become the first. 

66. A srdvaka is a lay follower of ihe Jaina religion, who merely hoars, ®.c., 
listens to and learns the rlharmas, or duties, as opposed tn the ascetics who arc 
entitled to teach those religious duties. 

09, Algebraically this rule works out thus 
\/{% a — Vf + 8 bS + h 
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term, and the common difference 'to 8 times the common differ- 
ence multiplied by the sum of the series, the common difference 
is added, and the resulting quantity is halved ; and when (again) 
this , is diminished by the . first term and then divided by the 
common difference, we get the number of terms in the series, 


The rale for finding out the number of terms (stated) in 
another manner : — 

70. When, from the square root of (the quantity obtained by ) 

the addition of the square of the difference between twice the 
first term and the common difference to 8 times the common 
difference multiplied by the .. sum of the series, the ksepapada is 
subtracted, and (the res citing -quantity) is halved ; and (when again 
this is) divided by the common difference, (we get) the number 
of terms in the series bbyb\;>d;.'/ b ■, ybb ' bb(§; 

Examples in illustration thereof . ' , : y; 

71. The first term is 2, the common differences; these two' 
are increased successively by 1 till three (series are so made up). 
The sums of the three series are 90, 276 and 1110, in order. What 
is the number of terms in each series ? 

72. The first term is 5, the common difference 8, and the sum 
of the series 333. What is the number of terms P 

The first term (of another series) is 6, the common difference 
8, and the sum 429. What is the number of terms ? 

. The rule for finding out the common difference as well as the 

first term ' (by- -b- ,b ;b ' d b ,b"v - 'V -b b ; : b; : bb-A ' ; : - 

73. The sum (of the series) diminished by the ddidhma , and 
(then) divided by half (the quantity represented by s the square 
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ol the number of terms as lessened by the number of terms, (. 
the common difference. The sum (of the series) diminish* 
irftamdkam and (then) divided by the number of terms, ( 


The rule for finding out the first term as well as the common 
difference 

74 . The sum of the series divided by the number of terms 
(therein), when diminished by the product of the common difference 
multiplied by the half ol the number of terms less by one, gives 
the first term of the series. The common difference is (obtained, 
when) the sum, divided by the number of terms and then dimi- 
nished by the first term, is divided by the half of the number -of 
terms less by one. 


Two rules for finding out, in another way, the common differ- 
ence and the first term : — 

75 . X) nderstand that the common difference is (obtained, when) 
the sum of the series, multiplied by two and divided by the 
number of terms (therein), is diminished by twice the first term, 
and is (then) divided by the number of terms lessened by one , 

76. Twice the sum of the series divided by the number of 
terms therein, and (then) diminished by the number of terms as 
lessened by one and multiplied by the common difference, when 
divided by two , (gives) the first term of the series. 

Examples in illustration thereof, 

77. The first term is 9 ; the number of terms is 7 ; and the sum 
of the series is 105. Of what value is the common difference ? 


■ > 

y ‘ r i 


Algebraically, a 


75, Symbolically, b 


76, Algebraically, a 



The common difference (in respect of another series) is 5, the 
number of terms is 8, and the sum is 156. Tell me the first term. 

The rule for finding out how (when the sum is given) the 
first term, the common difference, and the number of terms may, 
as desired, be arrived at 

78. When the sum is divided by any chosen number, the 
divisor becomes the number of terms (in the series) ; when the 
quotient here is diminished by any number chosen (again), this 
subtracted number becomes tbe first term (in the series) ; and 
the remainder (got after this subtraction) when divided by the 
half of the number of terns lessened by one becomes the common 
difference. 

Example in illustration thereof. 

79. The sum given in this problem is 540. 0 crest-jewel of 

arithmeticians, tell me the number of terms, the common differ- 
eriee* and tie first term. 

Three rule-giving stanzas for splitting up (into the component 
elements! such a sum of a series (in arithmetical progression) as is 
combined with the first term, or with the common difference, or 
with the number of terms, or with all these. 

80 0 crest-jewel of calculators, understand that the miiradham 
diminished by the uttaradhana, and (then) divided by the nnmher 
of terms to which one has been added, gives rise to the first 

term. 

81. The wL-nuUiCVKi, diminished by the adidhanu, and (then) 
divided by the (quantity obtained by the) addition of one to the 
(product, of the) number of terms multiplied by the hall 1 of the 
number of terms lessened by one, (gives rise to) the common 
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difference. (In splitting up the number of terms from the misra- 
dhana )., the (required) number of terms (is obtained) in accordance 
with the rule for obtaining the number of terms, provided that 
the first term is taken to be increased by one (so as to cause a 
corresponding increase in all the terms). 

82. The mUradhana is diminished by the first term and the 
number of terms, both (of these) being optionally chosen; (then) 
that quantity, which is obtained (from this difference) by applying 
the rule for (splitting up) the ■ uttaia^miiradhana, happens to 
be the common difference (required here). This is the method of 
work in (splitting up) the all-combined ( mUraihana ). 

Examples in illustration thereof . 

83. Forty exceeded by 2, 3, 5 and 10, represents (in order) 
the a&i-mUradhana and the other (mUradhanas). Tell me what 
(respectively) happens in these eases to be the first term, the 
common difference, the number of terms and all (these three). 


series in arithmetical progression. There are accordingly four different kinds of 
misradhava mentioned here; and they are respectively .'ddumiiradhana, uttar a- 
misradhana , gaccha-misradhana and sarva-misradkana. For ddidhana and vttara • 
dhana see note under stanzas 63 and 64 in this chapter. 

n (n — 1) 


Algebraically, stanza 80 works out thus : 
is the ddi-misradhana, i.e. t S + a . 


where 


And stanza 81 gives b - 


Sb ~ 

" n (n — 1) 


where Sb is the uitara-misradhana , 


i.e., S 4- h : and further points out that the value of « may be found 
out, when the value of which, being the gaccha-misradhana , is 
equal to S 4- n } is given, from the fact that, when S==o + (« + b) + 
(a 4- 2b) 4- . . . up to n terms, Sn = (a 4* 1) 4- (a i 1 4- b) (a 4- It* 2b) 
+ up to the same n terms. 

Since, in stanza 82, the choice of a and n are left to our option, the 
problem of finding out a, n } and b from the given value of S a nh, 
which, being the mrva* misradh ana , is equal to 8 + a 4* n 4- 5, resolves 
itself easily to the finding out of b from any given value of Sb in the 
manner above explained. 

83. The problem expressed in plainer terms is : — (1) Find out a when Sa = 42, 
& = 3 im & n = (2) Find out b, when Sb = 43, a == 2 and n = 5. (3) Find out 
m when 5 + n =** 45, a « 2 and b = 3. And (4) find out a, b, and » when 

!$,■■■■+ StS+fts: 50 , 
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The rule for finding out, from the known sum, first term, and 
common difference (of a given series in arithmetical progression), 
the first term and the common difference (of another series), the 
optionally chosen sum (whereof) is twice, three times, half, one- 
third, or some such (multiple or fraction of the known sum of the 
given series): — 

84. Put down in two places (for facility of working) the 
chosen sum as divided by the known (e.e., the given) sum; this 
(quotient) when multiplied by the (known) common difference 
gives the (required) common difference ; and that (same) quotient 
when multiplied by the (known) first term gives the (required) 
first term, of (the series of which) the sum is either a multiple or 
a fraction (of the known sum of the given series). 

Examples in illustration thereof . 

85. Sixty is the (known) first term, and the (known) common 
difference is twice that, and the number of terms is the same, i.e., 
4 (in the given series as Well as in all the required series). Give 
out the first terms and the common differences of these required 
(series, the sums whereof are) represented by that (known sum) 
as multiplied or divided, by the (numbers) beginning with 2. 

The rule for finding out, in relation to two (series), the number 
of terms wherein are optionally chosen, their mutually inter- 
changed first term and common difference, as also their sums which 
may be equal, or (one of which may be) twice, thrice, half, or one- 
third, or any such (multiple or fraction of the other) : — 

86. The number of terms (in one series), multiplied by itself 
as lessened by one , and then multiplied by the chosen (ratio 
between the sums of the two series), and then diminished by 

&L Symbolically, == j- a, b x = g 6, where Si, n and o L are the sum, the 

first term and the common difference, in order, of the series whose sum is chosen. 

Given the sums of two series, the ratio between the two first terms and that 

St y 

between the two common differences need not always be The solution here 

given is hence applicable only to certain particular cases. 

86* Algebraically, a = n (n — 1) x /> - 2%, and b = (v?.,)" - n — 2 j>n., 
where cs, b and n are the first term, the common difference and the number of 
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twice the number of terms in the other series (gives rise to the 
interchangeable} first term of one (of the series). The square of 
the (number of terms in the) other (series), diminished by that 
(number of terms) itself, and (then) diminished (again) by the 
product of two (times the) chosen (ratio) and the number of terms 
(in the first series gives rise to the interchangeable) common 
difference (of that series). 

Examples in illustration thereof. 

87. In relation to two men, (whose wealth is measured 
respectively by the sums of two series in arithmetical progression) 
having 5 and 8 for the number of terms, the first term and the 
common difference of both these series being interchangeable 
(in relation to each other) ; the sums (of the series) being equal 
or the sum (of one of them) being twice, thrice, or any such 
(multiple of that of the other)— 0 arithmetician give out (the 
value of these) sums and the interchangeable first term and 
common difference after calculating (them all) well. 

88. In relation to two series (in arithmetical progression), 
having 12 and 16 for their number of terms, the first term and 
the common difference are interchangeable. The sums (of the 
series) are equal, or the sum (of one of them) is twice or any such 
multiple, or half or any such fraction (of that of the other). 
You, who are versed in the science of calculation, give out (the 
value of these sums and the interchangeable first term and common 
difference). 

The rule for finding out the first terms in relation to such 
■ (series in arithmetical progression) as are characterised by varying 
common differences, equal numbers of terms and equal sums 

89. Of that (series) which has the largest common difference, 
one is (taken to be) the first term. The difference between this 

terms in the first series, % the number of terms in, the second series, and p the 
ratio between the two sums : . cl and b being thus found out, the first term and the 
common difference of the second series are b and a respectively in value. 

.herein; given is only a 
.'+^hr where a and 
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largest common difference and (any otter) remaining common 
difference is multiplied by the half of the number of terms 
lessened by one ; and when this (product) is combined with one, 
(we get,) 0 friend, the first terms of (the various series having) 
the remaining (smaller) common differences, 

Examples in illustration thereof , 

90. Give out quickly, 0 friend, the first terms of (all the series 
found in two sets of) such (series) as have equal sums (in relation 
to each set) and are characterised by 9 as the number of terms in 
each (series), when those (series belonging to the first and second 
sets) have (respectively) common differences beginning with I 
and ending with 6 (in one case) and have 1, 8, 5 and 7 as the 
common differences (in the other case). 

The rule for finding out the common difference in relation to 
such (series in arithmetical progression) as are characterised by 
varying first terms, equal numbers of terms and equal sums : — 

91. Of that (series) which has the largest first term, one is 
taken to be the common difference. The difference between this 
largest first term and (each of the) remaining (smaller) first terms 
is divided by the half of the number of terms lessened by one ; 
and when this (quotient in each case) is combined with one , 
(we get) the common differences of. (the various series having) the 
remaining (smaller) first terms. 

An example in illustration thereof. 

92. 0 arithmetician, who have seen the other shore of calcula- 
tion, give out the common differences of (all) those (series) which 
are characterised by equal sums and have 1, 3, 5, 7, 9 and 11 for 
their first terms and 5 for the number of terms in each. 


b and hi their corresponding' common differences. It is obvious that in this 
formula, when b, b 2 arid % are given, a x * is determined by choosing any value 
for a j and one is chosen as the value of a in the rule here, 

91, The general formula in this case is — 

b 2 = c LZZAl + b, wherein also the value of h is taken to be one in the rule 


so 
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The rule lor finding out the gumdhana and the sum of a 

series in geometrical progression : 

93. The first term (of a series in geometrical progression), 
when multiplied by that self-multiplied product of the common 
ratio in which (product the frequency of the occurrence of the 
common ratio is) measured by the number of terms (in the 
series)-, gives rise to the gunadhana. And it has to be understood 
that this gunadhana , when diminished by the first term, and 
(then) divided by the common ratio lessened by one, becomes the 
sum of the series in geometrical progression. 

Another rule also for finding out the sum of a series in geo- 
metrical progression : — 

94. The number of terms in the series is caused to be marked 
(in a separate column) by zero and by one (respectively) corre- 
sponding to the even (value) which is halved and to the uneven 
(value from which one is subtracted till by continuing these 
processes zero is ultimately reached); then this (representative 
series made up of zero and one is used in order from the last one 
therein, so that this one multiplied by the common ratio is again) 
multiplied by the common ratio (wherever one happens to be the 
denoting item), and multiplied so as to obtain the square (where- 
ever zero happens to be the denoting item). When (the result 


93 , The gunadhana of a series of ii terms in geometrical progression corre- 
sponds in value to the (n 4 - l)th term thereof, when the series is continued. 
The value of this gumdhana algebraically stated is rxrxr . . . . .up to n such 
factors x a, i.e., ar u > Compare this -with the uitaradhana. 

This rule for finding out the sum may be algebraically expressed thus: — 

■$ = — — -j where a is the first, term, r the common ratio, 1 ' 

% — 1 v: :. ; a A;":'.-; v-.Vv pr; 

and ii the number of terms, 

94 . This rule differs from the previous one in so far as it gives a new 
method for finding out r ft by using the processes of squaring and ordinary 
multiplication ; and this method will become clear from the following example : — 

Let n in r n be equal to 12 . 

12 is even ; it has therefore to be divided by 2, and to be denoted by 0: 

If” = b ?> 55 : 35 3 3 2, „ ,, j, 0 

f = 3 . is odd ; 1 is- ,♦ „ ' subtracted from it, and, it is . „ ' , 5 , 1 

; is even 5 it has . „ \ . „ divided by 2, .and to be , ^ „ 1 o' 

V: | = 1 is odd 3 1 is ' ' „ ,, subtracted'- from it, and it is' , „ / 7 - n l 

1— IsssO, which concludes this part of the operation. 
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of) this (operation) is diminished by one, and (is then) multiplied 
by the first term, and (is then) divided by the common ratio 
lessened by one, it becomes the sum (of the series). 

The rule for finding out the last term in a geometrically pro- 
gressive series as also the sum of that (series) : — 

95. The antyaclhana or the last term of a series in geometrical 
progression is the gumdhana (of another series) wherein the 
number ol terms is less by one . This ( antyadhana ), when multi- 
plied by the common ratio, and (then) diminished by the first 
term, and (then) divided by the common ratio lessened by one, 
gives rise to the sum (of the series). 

An example in illustration thereof . 

96. Having (first) obtained 2 golden coins (in some city), a 
man goes on from city to city, earning (everywhere) three times 
(of what he earned immediately before). Say how much he will 
make in the eighth city. 


Now, in the representative column of figures so derived and given in the 
margin — 

0 the lowest 1 is multiplied by r, which gives r : since this lowest 1 hasO 

0 above it, the r obtained as before is squared, which gives >*:■ since this 0 

1 has 1 above it, the r~ now obtained is multiplied by r, which gives r 8 ; 

0 since this 1 has 0 above it, this r 8 is squared, which gives r 6 : and since 

1. again this 0 has another 0 above it, this r 6 is squared, which gives r 12 . 

Thus the value of r may he arrived at by using as few times as possible the 
processes of squaring and simple multiplication. The object of the method is 
to facilitate the determination of the value of r n j and it is easily seen that the 
method holds true for all positive and integral values of 

95. Expressed algebraically, 8 = T a . The antyadhana is the 

. r — i 

value of the last term in a series in geometrical progression ; for the 
meaning and value of gumdhana , see stanza 93 above in this chapter. The 
antyadhana of a geometrically progressive series of n terms te ar»~\ while the 
imnadhana of the same series is ar n . Similarly the antyadhana of a geometrically 
progressive series of n — 1 terms is ar n ~~ f while the gumdhana thereof is aw~l. 
Here it Is evident that the antyadhana of the series of « terms is the same as 
the gumdhana of the series of n ~~ X terms, 
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The rule for finding out the first term and the common ratio 
in relation to a (given) gunadhana 

97. The gunadhana when divided by the first term becomes 
equal to the (self -multiplied) product of a certain quantity in which 
(product) that (quantity) occurs as often as the number of terms 
(in the series); and this (quantity) is the (required) common 
ratio. 'The gunadhana , when divided by that (self-multiplied) 
product of the common ratio in which (product the frequency 
of the occurrence of this common ratio) is measured by the 
number of terms (in the. series), gives rise to the first term. 

The rule for finding out in relation to a given gunadhana the 
number of terms (in the corresponding geometrically progressive 
series) : — 

98. Divide the gunadhana (of the series) by the first term 
(thereof). Then divide this (quotient) by the common ratio 
(time after time) so that there is nothing left (to carry out such a 
division any further); whatever happens (here) to be the 
number of vertical strokes, (each representing a single such divi- 
sion), so much is (the value of) the number of terms in relation 
to the (given) gunadhana. 

Examples in illustration thereof \ 

99. A certain man (in going from city to city) earned money 
(in a geometrically progressive series) having 5 dmdras for the 
first term (thereof) and 2 for the common ratio. He (thus) 
entered 8 cities. How many are the dlnaras (in) his (possession) ? 

100. What is (the value of) the wealth owned by a merchant 
(when it is measured by the sum of a geometrically progressive 
series), the first term whereof is 7, the common ratio 8, and the 
number of terms (wherein) is 9 : and again (when it is measured 
by the sum of another geometrically progressive series), the first 

97 and 9S. It is clear that arn } when divided by a gives r v • and this is divis- 
ible by r as many times as n, which is accordingly the measure of the number 

of terms in the series. Similarly r x r * r up to n times gives r>' ! ; and 

the gunadhana i.e., o**« divided by this ?P \ gives a , which is the required first term 
■of the series. ■ :■ 
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term, the common ratio and the number of terras thereof being 
8, 5 and 1 5 (respectively) ? 

The rule for finding oat the common ratio and the first 
term in relation to the (given) sum of a series in geometrical 
progression': — 

iOL That (quantity) by which the sum of the series divided 
by the first term and (then) lessened by one is divisible throughout 
(when this process of division after the subtraction of one is 
carried on in relation to all the successive quotients) time after 
time — (that quantity) is the common ratio. The sum, multiplied 
by the common ratio lessened hv one, and (then) divided by that 
self-multiplied product of the common ratio in which (product) 
that (common radio) occurs as frequently as the number of terms 
(in the aeries), after this (same self-multiplied product of the 
common ratio) is diminished by one, gives rise to the first term. 

J&vamplcs in U/udnnmi thereof \ 

102. When the first term is 8, the number of terms is 6, and 
the sum is 4095 (in relation to a series in geometrical progres- 
sion), what is the value of the common ratio ? The common 
ratio is 6, the number of terms is 5, and the sum is 3110 (in 
relation to another series in geometrical progression). What is 
‘ the first term here ? V.yhW'' ■ d W' : : yd' by" 


301. The first, part of the rule will become clear from the following 
Example; : ; 

The sum of the series is. 4095, tho first term 3, and the number of terms G. 
Here, dividing 4095 by 3 wo get 1365. Now, 1365 — 1 = 1364, Choosing 

by trial 4, we have - y-- ■= 341 j 3-11 — 1 = 340; — - == 35.; 85 - 1 *». 84 ; 

.. (i;,* : 9(1 4 

21 • 21 — 1 = 20 * — — 5 ; 5 — 1 '=—4 Renee 4 is the. 'common;. 
;4. ; 5 f J .4 " 4 ;,,v.y.'r . 

ratio. The principle on which this method is based will be clear from the 
following : — g V'T ■ 

tSriz}). jl. a ~ 1 . ant | tlzi - l r- ti-’Tl which is obviously divisible 

r—l ‘ -r~ 1 ■* r— 1 ; r - l 

° y . a(r»- 1) r-1 

The second part expressed algebraically is a — k fW _ i> 

Iliifc: ■' .■ ■ 5 
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The rule for finding out the number of terms in a geome- 
trically progressive series 

103. Multiply the sum (of the given series in geometrical 
progression) by the common ratio lessened by one ; (then) divide 
this (product) by the first term and (then) add one to this 
(quotient). The number of times that this (resulting quantity) is 
(successively) divisible by the common ratio -“that gives the 
measure of the number of terms (in the series). 

Examples in illustration thereof. 

104. 0 my excellently able mathematical friend, tell me of 
what value the number of terms is in relation to (a series, whereof) 
the first term is 3, the common ratio is 6, and the sum is 777. 

105. What is the value of the number of terms in those 
(series) which (respectively) have 5 for the first term, 2 for the 
common ratio, 1275 for the sum : 7 for the first term, 3 for the 
common ratio, 68887 for the sum : and 3 for the first term, 5 for 
the common ratio and 22888183593 for the sum ? 

Thus ends summation, the seventh of the operations known as 
Parikarman. 


Vyutlmlita. 

The rule of work in relation to the operation of VyntkaUia '* 
which is the eighth (of the Parikarman operations), is as follows : — 
106, (Take) the chosen-off number of terms as combined with 
the total number of terms (in the series), and (take) also your 
own chosen-off number of terms (simply) ; diminish (each of) 


* In a given, series, any portion chosen off from the beginning is called i; fa 
or the chosen-off part ; and the rest of the series is called and it. contains 
the remaining terms and forms the remainder-series. It is the sum of these s'fa 
terms which is called vyutkalita. 

100. Algebraically, mmtialita or S v == } — ~1 b + a ^(n~ d), and tile 

sum of the ista or Si — (— g— . * + a) d; where d is the number of terms in 
the chosen-off part of the series.; ■ 
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these (quantities) by one and (then) halve it and multiply it by 
the common difference ; and (then) add the first term to (each of) 
these (resulting products). And these (resulting quantities), 
when multiplied by the , remaining* number of terms and the 
chosen™ off number of terms (respectively), give rise to the sum of 
the remainder-series and to the sum of the chosen-off part of 
the series (in order). 

The rale for obtaining in another manner the sum of the 
remainder-series and also the sum of the chosen-off part of the 
given series : — 

] 07. (Take) the chosen-off number of terms as combined with 
the' total number of terms (in the series), and (take) also the 
chosen-off number of terms (simply) ; diminish (each of) these by 
one, and (then) multiply by the common difference, and (then) 
add to (each of) these (resulting products) twice the first term. 
These (resulting quantities), when multiplied by the half of the 
remaining number of terms and by the half of the chosen -off number 
of terms (respectively), give rise to the sum of the remainder-series 
and to the sum of the chosen-off* part of the series (in order). 

The rule for finding out the sum of the remainder-series in 
respect of an arithmetically progressive as well as a geometrically 
progressive series, as also for finding out the remaining number 
of terms (belonging to the remainder-series) : — 

108. The sum (of the given series) diminished by the sum of 
the chosen-off part (of the series) gives rise to the. sum of the 
remainder-series in respect of the arithmetically progressive as 
well as the geometrically progressive series ; and when the 
difference between the total number of terms and the chosen-off 
number of terms (in the series) is obtained, it becomes the remain* 
ing number of terms belonging to that (remainder-series). 
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The rule for finding out the first term in relation to the 
remaining number of terms (belonging to the remainder-series) 

109. The chosen-off number of terms multiplied by the common 
difference and vthen) combined with the first term (of the given 
series) gives rise to the first term in relation to the remaining 
terms (belonging to the remainder-series) r i'he already mentioned 
common difference is the common difference in relation to these 
(remaining terms also) ; and in relation to the chosen-off number 
of terms (also both the first term and the common difference) are 
exactly those (which are found in the given series). 

The rule for finding out the first term in relation to the 
remaining number of terms belonging to the remainder-series in 
a geometrically progressive series : — 

110. Even in respect of a geometrically 7 progressive series, the 
common ratio and the first term are exactly alike (in the given 
series and in the chosen-off part thereof). There is (however) this 
difference here in respect of (the first term in relation to) the 
remaining number of terms (in the remainder-series), .viz., that 
the first term of the (given) series multiplied by that self-multi- 
plied product of the common ratio, in which (product) the 
frequency of the occurrence of the common ratio is measured by 
the chosen-off number of terms, gives rise to the first term (of the 
remainder-series) . 

Examples in illustration thereof, 

111* Calculate what the sums of the remainder-series are in 
respect of a series in arithmetical progression , the first term of- 
which is 2, the common difference is 3, and the number of terms 
is 14, when the chosen-off numbers of the terms are 7, 8, 9, 6 and 5 
(respectively). 

112. (In connection with a scries in arithmetical progression) 
here (given), the first term is 6, the common difference is 8, the 
number of terms is 36, and the clioseu-off numbers of terms are 10, 

109. The first- term of the remainder series = db + a. The series dealt with 
in this rule is obviously in arithmetical progression. 

110. The first term of the remainder series is ar d . 


CHAPTER IX— ARITHMETICAL OPERATIONS. 


87 


12 and 18 (respectively), la connection with another (similar 
series), the first term and the other things are 5, 5, 200 and 
100 (in order). ■ Say what the sums are of the (corresponding) 
remainder-series. 

118. The number of terms (in .a series in, arithmetical pro- 
gression) is 216; the common difference is 8; the first term is 
14 ; 87 is the chosen-off number of terms (to be removed). Find 
the sains both of the remainder-series and of the chosen- off part 
(of the given series). 

114. The first term (in a given series in arithmetical progres- 
sion) is, in this (problem), 64; the common difference is minus 4; 
the number of terms is 16. What are the sums of the remainder- 
series when the chosen-off numbers of terms are 7, 9, 11 and 12 F 

Examples on ryutkalita in respect of a geometrically 
progressive series, 

115. Where (in the process of reckoning of the fruits on trees 
in serial bunches), 4 happens to be the first term, 2 the common 
ratio, and 18 the number of terms, while the chosen-off number 
of terms (removed) are 10, 9, 8, 7, 6 , 5 and 4 (respectively) — 
there, say, 0 you who know arithmetic and have penetrated 
into the interior of the forest of practical mathematical operations, 
(the. interior) wherein wild elephants sport — (there say) what the 
total of the remaining fruits is on the tops of the various good 
trees (dealt with therein). 

Thus ends vyutkalita, the eighth of the operations known as 
Parikanntin, 

Thus ''ends the first subject of treatment known as 
JPavikarman in Sarasahgraha, which is a work on 
arithmetic by Mahaviraearya* 


115. In this problem, there are given 7 different fruit trees, each of w> ieh 
has 10 bundles of fruits. The lowest bunch on each tree has 4 fruits ; the fruits 
in the higher bunches are geometrically progressive in number, the common 
ratio being 2; and 10, 9, 8, 7, O, 5 and 4 represent the numbers of the hunches 
rerao.vi i L> m below in ouk r Hum the 7 r. We have re find out <s the total 

of the remaining fruits on the tops of t he various good trees”. Mattcblimi- 
Tcndita , as it occurs in this stanza, is the name- M the metre in which it is 
composed, at the same time that it means the sporting of wild elephants. 
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CHAPTER III. 

FRACTIONS. 

The Second Subject of Treatment. 

1 Unto that excellent Lord of the tjino.s, bj whom the tree 
of tor-man has been completely uprooted, and whose lotus-like feet 
are enveloped in the halo of splendour proceeding from the tops of 
the crowns belonging to the chief sovereigns in all the three worlds 
—(unto that Lord of the Jinas \ I bow in devotion. 

Hereafter, we shall expound the second subject of treatment 
known as KaUsavarna* (i.e., fractions). 

Multiplication of Fractions. 

The rule of work here, in relation to the multiplication of 
fractions, is as follows : — 

2. In the multiplication of fractions, the numerators are to 
he multiplied by the numerators and the denominators by the 
denominators, after carrying out the process of cross-reduction, if 
that he possible in relation to them. 

Examples in illustration thereof. 

3. Tell me, friend, what a person will get for § of a pala of 
dried ginger, if he gets f r of a pana for 1 pah of such ginger. 

4. Where the price of 1 pah of pepper is | of a pana, there, 
say, what the price will he of f of a pah. 

5. A person gets § of a pah of long pepper for 1 pana. 0 
arithmetician, mention, after multiplying, what (he gets) for 
f pa?ias. 

6. Where a merchant buys T %- of a pala of cumin seeds for 1 
panels there, 0 you who possess complete knowledge, mention what 
(he buys) for f pams. 

7. The numerators of the given fractions begin with 2 and go 
on increasing gradually by 2 ; again their denominators begin 

* KaUsavarna literally means parts resembling ~iV, since knla denotes the 
sixteenth part. Hence tlxe term KaUsavarna has come to signify fractions in 

general. v , . # 

2. When £ x § is reduced as x h the process of cross-redaction is applied. 

7, The fractions herein mentioned are : f, f, f, &o. 



with 3 and go on increasing by 2 ; those (numerators and 
denominators) are, in both (the oases), 10 in number. Mention, 
of what value the products here will he, when those (fractions) 
are multiplied, they being taken two by two. 

Thus ends multiplication of fractions. 


Division of Fractions. 

' The rule of work, in relation to the division of fractions, is as 
follows : — 

8. After making the denominator of the divisor its numerator 
(and vice versa), the operation to he conducted then is as in the 
multiplication (of fractions). Or, when (the fractions constituting) 
the divisor and the dividend are multiplied by the denominators 
of each other and (these two products) are (thus reduced so as to he) 
without denominators, (the operation to he conducted * is as in the 
division of whole numbers. g;!p, f . 

Examples in illustration thereof. 

9. When the cost of half o,pala of asafoetida is 1} oi apana, 
what does a person get if he sells 1 pal a at that (same) rate ? 

10 In case a person gets V of a pom for s of a pah of red 
sandalwood, what will he get for 1 pala (of the same wood)? 

11 When polos of the perfume nakha is obtainable tor -f ot 
a « what (will he obtainable) for 1 at that (same rate) ? 

12 The numerators (of the given fractions) begin with 3 and 
go on increasing gradually by 1, till they are 8 in number; the 
denominators begin with 2 and are (throughout, 

(than the corresponding numerators). Tell me what the result 
is when the succeeding (fractions here) are divided (m order h) 
the preceding ones). 

Thus ends the division of fractions. . : •; : 
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The Squaring, Square-Boot, Cubing, and Cube- 
Root of. Fractions* 

In . connection with the squaring, the square root, the cubing, 
id the cube root of fractions, the rule of operation is as 
Hows : — 

IS. If, after getting the square, the square root, the cube (or) 
e eube rooc of the (simplified) denominator and numerator (of 
e given fraction), the (new) numerator (so obtained) is divided 
7 the (similarly new) denominator, there arises the result of the 
ieration of squaring or of any of the other above-mentioned 
perafions as the case raa) be) in relation to fractions. 

Examples in il 1 usfra lion ih ere of: 

14. 0 arithmetician, tell me the squares of f, £, f, df, df, 

id 4F- 

15 . The numerators (of the given fractions) begin with 8 and 
jraduaUf) rise by 2 ; the denominators begin with 2 and 
gradually) rise by 1 ; the number of these (fractions) is known to 
a 12. Tell me quickly their squares, you who are foremost 
nong arithmeticians. 

18 . Tell me quickly, 0 arithmetician, the square roofs of 

» lV> an< t ~h\' 

17 . 0 clever many tell me what the square roots are of the 
[tiared quantities which are found in the (examples bearing on 
in) squaring of fractions and also of 

18 The following quantities, namely, J, -J, f, 1, | and 
re given. Tell me their cubes separately. 

19 . The numerators (of the given fractions) begin with 3 , and 
gradually) rise by 4 ; the denominators begin with 2 and 
gradually) rise by 2 ; the number of such (fractional) terms is 
Qy Tell me their cubes quickly , 0 friend who are possessed of 
een intelligence in calculation. 


17. Here Q-ilLis given in fcke original as 
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20. Give the cube roots of ■*•§•£ and 

2L 0 friend of prominent intelligence, give the cube roots of 
the cubed quantities found in (the examples on) the cubing of 
fractions and (give also the cube root) of 

Thus end the squaring, square-root, cubing and cube-root of 
fractions. 


Summation of fractional series in progression. 

In regard to the summation of fractional series, the rule of 
work is as follows :~~ 

22. The optional number of terms (making up the fractional 
series in arithmetical progression) is multiplied by the common 
difference, and (then it) is combined with twice the first term and 
diminished by the common difference. And when this (resulting 
quantity) is multiplied by the half of the number of terms, it gives 
rise to the sum in relation to a fractional series (in arithmetical 
progression). 

E Minifies in illustration thereof. 

28. Tell me what the sum is (in relation to a series) of which 
|, £ and § are the first term, the common difference and the 
number of terms (in order) ; as also in relation to another of 
which f , | and § (constitute these elements). 

24. The first term, the common difference and the number of 
terms are f , | and f (in order in relation to a given series in 
arithmetical progression). The numerators and denominators of 
all {these fractional quantities) are (successively) increased by 2 
and 3 (respectively) until seven (series are so made up). What 
is the sum (of each of these) ? 


22 Algebraically S = (nb + 2a - b) — . Of. note under 02, Chap. II- 

23. Whenever the number of terms In a series is given as a fraction, as hers, 
it is evident that such a series cannot generally be formed actually number of 
terms. But the intention seems to-be to show that the rule holds good even 
|n such cases. ’ ' 
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The rule lor arriving, in relation to (a series made up of any) 
optional number of terms, at the first term, the common difference 
and the (related) sum, which is equivalent firstly to the square 
and secondly to the cube (of the number of terms) 

25. Whatever is (so) chosen is the number of terms, and one is 
the first term. The number of terms diminished by the first term, 
and (then) divided by the half of the number of terms diminished 
by one , becomes the common difference. The sum (of the series) 
in relation to these is the square of the number of terms. This 
multiplied by the number of terms becomes the cube thereof. 

Examples in illustration thereof. 

26. The optional number of terras (in a given series) is (taken 
to be) f ; and the numerator as well as the denominator (of this 
fraction) is (successively) increased by one till ten (such different 
fractional terms) are obtained. In relation to these (fractions 
taken as the number of -terms of corresponding arithmetically 
progressive series), give out the first term, the common difference 
and the square and the cube (values of the sums in the manner 
explained above). 

The rule for finding out the first term, the common difference 
and the number of terms, in relation to the sum (of a series in 
arithmetical progression) which (sum) happens to be the cube of 
(any) chosen quantity : — 

27. One -fourth of the chosen quantity is the first term ; and 
from this first term, when it is multiplied by two, results the 


25. It is obvious that, in the formula S = £ (2a + n—lA), the value of S 

becomes equivalent to # when a = 1, and b In the multiplication of 

n — 1 

this sum by n, there is necessarily involved the multiplication of a as well as of b 

by n, so that, when a — n and 6 = ~ — ^2 n,.S = #. A little consideration will show 

An-— l ■ 

how the value of b as ) makes it possible to arrive at .# as the value of S 
. n — 1 

whatever; may be the value of a, whether fractional or integral. 

27. This rule gives only a particular case 1 of what may be generally applied. 

The rule as given here works out thus : £ + + +■ up to 2# terras 

4 4 4 
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common difference. The common difference multiplied by four 
is the number of terms (in the required series). The sum as 
related to these is the cube (of the chosen quantity). 

Examples in illustration thereof. 

08 The numerators begin with. 2 and are successively increased 
bT i •' the denominators login with 3 and are (also) sneeess.vely 
inoreased It 1 ; and both these kinds of terns -.namely the 
numerators and the denominators) are (severally) fire (m nnmberl 
In relation to these (chosen fractional qnantit.es , give out, 0 
friend, the cubic sum and the (corresponding) fart term, common 
difference, and number of terms. 

The rule for finding out, from the known sum first term and 
common difference (of a given series m arithmetical progression), 
the first term and the common difference (of a senes;, trie optionally 
Len sum (whereof) is twice, three times, half one-third, or some 
such (multiple or fraction of the known sum o. the given senes) . 

29 Put down in two places (for facility of working) the 
chosen sum as divided by the known sum. This (quotnmo;, when 
multiplied by the fknown) common difference, gives the (required) 
«n inei-and thaf (same quotient, when mui , P hed 
by the (known) fart ten., *»”> (“d™" 1 ) *"* term-ot (th. 

,L. of which) the sum is either a multiple or a trot™ (»• 
known sum of the given series). 

Examples in illustration thereof . 

80 The first term (of a series) is 4, the common difference is 
1, and the number of terns common (to th e give n m. w ed a, the 

Z7^ ,3. The general applicability o£ ibis process can be at once made out 

4 . rt _ * x r m y- = xK so that in all such cases the number of terms 

from the eciid&litj } — ~ \1 P ) j . 

■ p \ 1 ni+rnWino- bv v* the first term, which is representable 

«- “■ *— 

f 

in ©very case, /.-.yH'b i'd; v"; ■ 

29. See note under 84* Oiiap. n® 
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required series) is (taken to be) -f. The sum of the required 
series is of the same value (f). Find out. 0 friend, the first term 
and the common difference (of the required series). 

31. The first term is twice the common difference (which is 
taken to he 1). ; the number of terms is (taken to he) -]-f. The sum 
of the required series is Find out the first term and the 

common difference. 

82. The first term is 1, the common difference is § and the 
number of terms common (to both the given as well as the required 
series) is (taken to he) The sum of the required series is |f . 
Give out the first term and the common differeu.ee (of the required 
series). 

The rule for finding out the number of terms (in a series in 
arithmetical progression) : — 

38. When, to the square root of (the quantity obtained by) the 
addition, of the square of the difference between the half of the 
common difference and the first term, to twice the common 
difference multiplied by the sum of the series, half the common 
difference is added, and when (this sum is) diminished by the first 
term, and (then) divided by the common difference, (we get) the 
number of terms in the series. 

He (the author) states in another way (the rule for finding out) 
the same (number of terms) : — 

34. When, from the square root of (the quantity obtained by) 
the addition, of the square of the difference between the half of 
the common difference and the first term, to twice the common 
difference multiplied by the sum of the series, the k§epapada is 
subtracted, and when (this resulting quantity is) divided by the 
common difference, (we get) the number of terms in the series. 


a/ 2&+/L, f 2 + |_ a 

83. Symbolically expressed, n =-- — • Of. note nrd er 

69, in Chap. II. ® : ^ 

. 34, For hstpwpada, see not© under 70 in Chap, XL ' F • 



36. See note under 74, Chap. XL 
' 38.' See, note under 86, Chap, II, 


Examples in illustration thereof. 

35. In relation, to this (given) series, the, first term is §, the 
common difference is f, and the sum given is again (in relation 
to another series), the common difference is ~f , the value of the first 
term is f , and the sum is ~ 4 \. In respect of these two (series), 0 
friend, give out the number of terms quickly. 

• The rule for finding out the first term as well as the common 
difference 

86. The sum (of the series) divided by the number of terms 
(therein), when diminished by (the product of) the common 
difference multiplied by the half of the number of terms less by 
one , (gives) the first terra (of the series). The common difference 
is (obtained when) the sum, divided by the number of terms and 
(then) diminished by the first term, is divided by the half of the 
number of terms less by one. 

Examples in illustration thereof . 

87. Give out the first term and the common difference (res* 
pectively) in relation to (the two series characterised by) as 
the sum, and having f (in one ease) as the common difference 
and | as the number of terms, and (in the other case) •§■ as the 
first term and f as the number of terms. 

The rule for finding out in relation to two (series), the number 
of terms wherein is optionally chosen, their mutually interchanged 
first term and the common difference, as also their sums which 
may be equal, or (one of which may be) twice, thrice, half or one- 
third (of the other) : — 

38. The number of terms (in one series), multiplied by itself 
as lessened by one, and then multiplied by the chosen (ratio 
■'between the sums of the two series), and then diminished by twice 
the number of terms in the other (series, gives rise to the inter- 
changeable) firstierm (of one of The series). The square of the 
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(number of terms in the) other (series), diminished by that 
(number of terms) itself, and (then) diminished (again) by the 
product of two (times) the chosen (ratio) and the number of terms 
(in the first series, gives rise to the interchangeable) common 
difference (of that series). 


Examples in illustration thereof. 

39. In relation to two series, having 10-| and 9| to (respectively) 
represent their number of terms, the first term and the common 
difference are interchangeable, the sum of one (of the series) is 
either a multiple or a fraction (of that of the other, this multiple 
or fraction being the result of the multiplication or the division as 
the case may be) by means of (the natural numbers) commencing 
with 1, 0 friend, give out (these) sums, the first terms and the 

common differences. 


The rule for finding out the gwnadhana and the sum of a series 
in geometrical progression : — 

40. The first term (of a series in geometrical progression), when 
multiplied by that self-multiplied product of the common ratio, 
in which (product) the frequency of the occurrence of the common 
ratio is measured by the number of terms (in the series), gives 
rise to the gwnadhana. And it has to be understood that this 
{gwnadhana ) , when diminished by the first term and (then) divided 
by the common ratio lessened by one, becomes the sum of the 
series in geometrical progression. 


The rule for finding out the last term, in a geometrically 
progressive series as well as the sum of that (series) : — 

41. The antyadkana or the last term of a series in geometrical 
progression is the gnnadhana of (another series) wherein the number 
of terms is less by one . This ( aniyadhana ), when multiplied by the 
common ratio and (then) diminished by the first term and (then) 


40, See note under 93, Chap. II, 

41, See note under 95, Chap, XI, 
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divided by the common ratio lessened by one , gives rise to the 
sum (of the series). 

An example in illustration thereof. 

42. In relation to a series in geometrical progression, the first 
term is -J-, the common ratio is \ and the number of terms is here 5. 
Tell me quickly the sum and the last term of that (series). 

The first term, the common ratio and the number of terms, in 
relation to the gumdhcma and the sum of a series in geometrical 
progression, should also be found out by means of the rules stated 
already (in the last chapter).* 

The rule for finding out the (common) first term of two series 
having the same sum, one of them being in arithmetical progression 
and the other in geometrical progression, their optionally chosen 
number of terms being equal and the similarly chosen common 
difference and common ratio also being’ equal in value. 

.43. One is (taken as) the first term, the number of terms and 
the common ratio as well as the common difference (which is equal 
to it) are optionally chosen. The uttaradhana (here), divided by 
the sum of this geometrically progressive#series as diminished by 
the ddidhana (thereof), and (then) multiplied by whatever is taken 
as the first term, gives rise to the (required common) first term in 
relation to the two series, (one of which is in geometrical progres- 
sion and the other in arithmetical progression, and both of) which 
are characterised by sums of the same value. 


# For these rules, see 97, 98, 101 and 103, Chap. II. 

iiliaradlicmti, see note under 63 and 64, Chap IT. This 
« («— 1 ) , 

■—*2 xb 

rule, symbolically expressed, works out thus : a — — — — w here b = r. 

Lbl — x 1 

facility of working, 1 is chosen as the provisional first term, but it is obvious 
that any quantity may be so provisionally chosen. The use of the provisional 
first term is seen in facilitating the statement of the rule by means of the 
expressions ddidhana and uttaradhana. The formula here given is obtained by 
equating the formula) giving the sums of the geometrical and the arithmetical 
series. It is worth noting that the word cay a is used here to denote both the 
common difference in an arithmetical and the common ratio in. a geometrical series. 


48 


GANITASABASAtfGtBAHA. 


Examples in illustration thereof 

44. The number of terms are 5. 4 and 3 (respectively) and the 
common ratios as well as the (equal) common differences are f ; f 
and | (in order). What is the value of the (corresponding) first 
terms in relation to these (sets of two series, one in geometrical 
progression and the other in arithmetical progression), which are 
characterised by sums of the same value ? 

Thus ends the summation of fractions in series. 


VyntUnlita of fractions in series* 

The rule for performing the operation of vyuikaliia is as 
follows 

45. (Take) the chosen-off number of terms as combined with 
the total number of terms (in the series), and (take) also your 
chosen-off number of terms (separately). Multiply each of these 
quantities by the common difference and dimmish (the products) 
by the common difference ; (then) multiply by tiro ; and these 
(resulting quantities), when multiplied by the half of the remaining 
number of terms and by the half of the chosen-off number of 
terms (respectively), give rise to the sum of the remainder-series 
and to the sum of the chosen-off part of the (given) series (in 
order). 

The rule for finding out the first term in relation to the 
remaining number of terms (making up the remainder* series) 

46. The first term (of the series), diminished by the half of the * 
common difference, and combined with the chosen-off number of 
terms as multiplied by the common difference, as also with the half 
of the common difference, (gives) the first term of the remain- 
ing number of terms (making up the remainder-series). And the 
common difference (of the remainder- series) is the same as what is 
found in the given series. 


45. C£. not© under 106, Chap. II. 

46. Cf. note under 109, Chap. II. 
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47. Even in respect of a geometrically progressive series, the 
common ratio and the first term are exactly alike (in the given 
series and in the chosen-off part thereof). There is (however) this 
difference here in respect of (the first term . among) the remaining 
number of terms (constituting the remainder- series), viz., that the 
first term of the (given) series multiplied by that self-multiplied 
product of the common ratio, in which (product) the frequency of 
occurrence of the common ratio is measured bv the chosen-off number 
of terms, gives rise to the first term (of the remainder-series), 

Examples in 1 'illustration thereof . 

48. Calculate what the sum of the remainder-series is in 
relation to that (series) of which 1 is the common, difference, § the 
first term, and f is (taken to he) the number of terms, when the 
chosen-off number of terms (to he removed) is (taken as) "J. 

49. In relation to a series in arithmetical progression, the first 
term is f , the common difference is I, and the number of terms is 
(taken to be) f. When the chosen-off number of terms (to he 
removed) is (taken as) f, give out, 0 you who know calculation, 
the sum of the remainder-series. 

50. What is the value of the sum of the remainder-series 
in relation to a series of which the first term is the common 
difference is and the number of terms is (taken to be) f, when 
the chosen-off number of terms is -fio 8 

51. The first term is | v the common difference is Wand the 
number of tarns is (taken as) f , and the chosen-off number of terms 
is taken to be } or f 0 you, who, being the abode of halts *, 
are the moon shining with the moon-light -of wisdom, tell me the 
sum of the remaining number of terms. 

52. Calculate the sum of the remaining number of terms in 
relation to a series of which the number of terms is 12, the 
common difference is minus and the first term is 4^, the chosen- 
off number of terms being 8, 4, 5 or 8. 


47. See note under 110, Chap. IL 

* KaUi* here used in . the double sense of ‘ learning * and ‘ the digits of the 
moon .% 


r 
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Example h ill miration of vyutkalita in relation to a series in 
geom etriccil progress ion , 

53. The first term is 7f, the common ratio is •§, and the 
number of terms is 8 ; and the chosen-off number of terms is 8, 4 
or 5, What are the first term, the sum and the number of terms in 
relation to the (respective) remainder-series ? 

Thus ends the vyutkalita of fractions. 


The six varieties of fractions. 

Hereafter we shall expound the six varieties of fractions, 

54. Bhdga (or simple fractions), Prabhdga (or fractions of 
fractions), then Bhdgahhdga (or complex fractions), then Bhdgdnu - 
handha (or fractions in association), Bhdgdpamha (or fractions in 
dissociation), together with Bhdgcimdir (or fractions consisting of 
two or more of the above-mentioned fractions) — these are here said 
to be the six varieties of fractions. 

Simple fractions *, (addition and subtraction). ' 

The rule of operation in connection with simple fractions 
therein : — 

55. If, in the operations relating to simple fractions, the 
numerator and the denominator (of each of two given simple 
fractions) are multiplied in alternation by the quotients obtained 


55. .The me th .d of reducing fractions to common denominators described in 
this rule applies only, to pairs of .fractions. The rule will he clear from the 
following worked out example > — 

To simplify --- - Here, a arid xii are to foe multiplied by '% which is 

■vy y* 

the quotient obtained by dividing yz, the denominator of the other fraction, by 

y which is the common factor of the denominators. Thus we get * 

xyz 

Similarly in the second fraction, by multiplying b and yz by sc which is the 
quotient obtained by dividing the first denominator by y the common factor, 


get 


hx 
t yz* 


Now— - +• 

■set fZ %y% 


he az ~j~ bx 


xyz - 
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by dividing the denominators by moans of a common factor 
thereof, (the quotient derived from the denominator of either of the 
fractions being- used in the multiplication of the numerator and 
the denominator of the other fraction), those (fractions) become so 
reduced as to have equal denominators. (Then) removing on© of 
these (equal) denominators, the numerators are to he added (to one 
another) or to be subtracted (from one another, so that the result 
may be the numerator in relation to -the other equal denominator). 

Another ride for arriving, at the common denominator in 
another manner : — 

50. The mruddha (or the least .common.' multiple) ' is obtained 
by means of the continued multiplication of (all) the (possible) 
common factors of the denominators and (all) their (ultimate) 
quotients. In the ease of (all) such multiples of the denominators 
and the numerators (of the given fractions), as are obtained by 
multiplying those (denominators and numerators) by means of 
the quotients derived from the division of the ainiddha by the 
(respective) denominators, the denominators become equal (in 
value). 

JEmmptes- in thereof . 

57 and 58. A trdvaka purchased, for the worship of Jixia, 
jarntm fruits, limes, oranges, coco a nuts, plantains, mangoes and 
pomegranates for •& $$> and £ of the golden coin in 

order ; tell (me) what the result is when these (fractions) are 
added together. 

o9. Add together 4# > ££ and v>V* 

60. (There are 3 sets of fractions), the denominators whereof 
begin with 1, 2 and 3, (respectively) and go on increasing gradually 
by one till the last (of such denominators) becomes % 10 and; 


00. The resulting problems are to find the values of~ 


(0 


- + 


i. 


1 X 2 ; 2 X 3 T 3 X 1 
2 ■ 2 , 2 
W 2 X 3 + 3X4 ^ 4X5 


Oh) 


+ 3 V t + * 

+ rt. vy; .+ * 

3 


01 i_ 4— . — — 

3X4 + iX 5 .. 5X6 


+ 


+ 21- + i 

^ 8X9 T !» 

2; ; . 2' ' • .£.• v 

^ o’xTq +' itT 

i 3 ^ 3 

' t "l5X'l6+ 10 
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16 fin order in. the respective sets) ; the numerators (of these sets 
of fractions) are of the same value as the - first numher (in these 
sets- of denominators), and every one of these (above-mentioned 
denominators in each set) is multiplied by the next one. (the last 
denominator, however, remaining in each case unchanged for want 
of a farther multiplying- denominator). What is the sum of (each 
of) these (finally resulting sets of fractions)? 

61 and 62. (There are 4 sets of fractions), the denominators 
whereof begin with 1, 2, 3 and 4 (respectively) and rise succes- 
sively in value by 1 until 20, 42, 25 and 36 become the last 
(denominators in the several sets) in order ; the numerators of these 
(sets of fractions) are of the same vaine as the first number (in 
these sets of denominators). And every one of these (denominators 
in each set) is multiplied in order by the nest one, (the last 
denominator, however, remaining unchanged in each case). What, 
is the sum on adding these (finally resulting-sets of fractions) ? 

63. A man purchased on account of a Jina-f estival sandal- 
.wood, camphor, agaru and saffron for ?J (i and \ of a golden 
coin, 'What is the remainder (left thereof) ? 

64. A worthy srdvaka gave me two golden coins and told me 

that 1 should bring, for the purpose of worshipping in the temple 
of Jina-, blossomed white lotuses, thick curds, ghee, milk and 
; sandal-wood for and of a golden coin, (respectively, 

out of the given amount). Now tell me, 0 arithmetician, what 
remains after subtracting the (various) parts (so spent). 

65 and 66. (There are two sets of fractions) the denominators 
. whereof begin with 8 and 5 (respectively) and rise in both cases 
successively in value by 1, until 80 becomes (in both cases) the last 
(denominator). The numerators of these (sets of fractions) are of 
the same value as the first term in each (of these sets of denomina- 
tors). And every one of the denominators (in each set) is multi- 
plied by the next one, the last (denominator) being (in each ease) 
multiplied by 4. After subtracting from L (each of) these two 
(sums obtained by the addition of the sets of fractions finally 
resulting as above), tell me. 0 friend, who have gone over to the 
other shore of the ocean of simple fractions, what it is that remains. 
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07 to 71. The denominators (of certain given fractions) are 
stated to be 19, 23, 02, 29, 123, 35, 188,37, 98,47, 140, 141 , 110, 
81, 92, 57, 73, 55, 110, 49,74, 219, (in order) ■; and the numerators 
begin with 1 and rise successively' in value by 1 (in order). Add 
(all) these (fractious) and give the result, O you who have readied 
the other shore of the ocean of simple fractions. 

Here, the rule for arriving at the numerators, (when the deno- 
minators and the sum of a number of fractions are given, is as 
follows) : — 

72. Make one the numerator m relation to all the given deno- 
minators) ; then, multiply by means of such .('numbers) as are 
optionally chosen, those numerators which (are- derived from these 
fractions so as to) have a common denominator. | Here), those 
( numbers ) turn out to be the required numerators, the sura of the 
products whereof, obtained. by multiplying them with the numera- 
tors (derived as above), is equal to the numerator of) the given 
sum (of the fractions concerned) . 

The rule for arriving at the numerators, (the donommatois and 
the sum being given, as before), in relation to such (fractional) 
quantities as have their numerators (successively) rising in value 
by one, when, in the (given), stun (of these. fractions), the deno- 
minator is higher in value than the numerator :— 

73, The quotient obtained by dividing the (given sum (of the 
fractions concerned) by the sum of those (tentative fractions) 

72. This rule will become clear from the working oi* the example iu stanza 
No. 74, wherein we assume l to be the provisional .an raerator-jn relation to each 
of the given denominators j thus we get J-, r 0 and A, which, being* reduced so as to 
have a common denominator, become ,/^y and </$,• When the numerators are 
multiplied by 2, 3 and 4 in order, the sum of the products thus obtained becomes 
equal to the numerator of the given sum, namely, 877. Hence, 2, 8, and 4 are the 
required numerators. Here it may be pointed out that this given sum also must 
be understood to have the same denominator as the common denominator of the 
fractions. 

78. To work oat the stun given under ?4 below, according to this rule :r~ 

Eeclncing* to the same denoinmatorthe fractions formed by assuming lio he the 
numerator in relation to each of the given denominat ors, we get JJjj, *JyV and t?t«. 
Dividing the given stun by tho sum of theso fractions ^ & o> we get the -quotient 
3, which is the numerator in relation to the first denominate# The remainder 279 
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which, (wliile imving- the given denominators}} have one for the 
numerators and (arc then reduced so as to) have a common deno- 
minator, becomes the (first required) numerator among those which 
■: successively'’ rise in value by one (aud are to be found out). On 
the remainder (obtained in this division) being divided by the 
sum 'of the other numerators ( having the common denominator as 
above), it, w.e., the resulting quotient ) 3 becomes another (viz., the 
second required) numerator (if added to the first one already 
obtained ). In this manner (the problem has to bo worked out) 
to the end . 

An e-Mimpfc in Mud ration thereof. 

74. The sum of (certain) numbers which are divfidixi (respect- 
ively } bv • 9, 10 and II is 87 7 as divided by 900. Give, out what 
the numerators are (in this operation of adding fractions).-. 

The rule for arriving at the (required) denominators (is as 
follows) 

75. When the sum of the (different fractional) quantities having 
one for their numerators is one, the (required) denominators are such 
as, beginning with one, are in order multiplied (successively) by 

obtained in this division is then divided by the sum -of the remaining provisional 
innnerators, m?.,. 180, giving the quotient 1, which, combined with the numerator of 
the first fraction;,. 'namely 2, becomes the numerator in relation to the second 
denominator. The remainder in this second division, viz., UO, is divided by the 
provisional numerator .00 of the last- fraction, and the quotient 1, when combined 
with the numerator of the previous fraction, namely 3, gives rise to the numera- 
tor in relation, .to. the last denominator. Hence the fractions, of which i B 
the sum, are f, ■£$.. and TV* 

It is noticeable here that the numerators successively found out thus become 
the required numerators in relation to the given denominators in the order in 
which they are given. 

Algebraically also, given t he doiiominatGrs a, b 4' c, in respect of 3; fractions 

be® + U + 1 ) ac + (# + 2 ) ah ■ 

whose sum is ' abc' 5 the numerators a?, x + 1 and 

r. + 2 are easily .found out by the method as given above. 

75. In working out an example according to the method stated herein, it 
will be found that when there an? n fractions, there are, after leaving out 
the first and the last fractions, /d ~ k 2 terms in gcometiical progression with ?» as 
rhe first term and jp.us ihr common ratio. Tho £iim of ihesi w ~ 2 terms is . 

:: '] ,11 

“-p -^3-1 . • - , which -! ~ j which is the sani-c 
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; «‘d thf last (iWoimnators so obtained t bcih" 
i bosvov ov) multiplied (again.' bv 2 and i respectively V. ■ ■ 

:Emmpka m iUvsirafim ifarsof, 

TG. The sum of live nr six or seven (diilVront fractional 
tumidities, having i for (each of) rheir numerators, is 1 (i u t , ae jj 
ease). 0 you. who know arithmetic, my. what the required) 
denominators are. 


The rule for finding out the denominators in the ease : of an 
uneven number t of fractions) : — 

11. When the sum of the.(differenfc fractional; quantities, having 
one for each of their numerators, is one, the (required) denominators 
are such as, beginning with two, go ou (successively rising in value 
by one, each (such denominator) being, (further) multiplied by that 


I. 1 

as h vj x ■ * From; this it is .clear 1 that, witt a. the :ftr* t- fraction i and 

ilw last fraction : ai‘e added to lids last result, the sum becomes ] 

In this connection it may bo noted that^ irra serifs 'ini' geomofencai-^vdgi^^jQ^ 
consisting of n terms, having - as the first -term and ~ as" the common .ratio the 

sum is, for all positive integral values of a, less than — * — by— i~.'- v - A * 

a — I J a — l . x the , 


a 

(n + l)th term in the series. Therefore, if we add to the sum of the series »*. 
geometrical progression * the <* '+ W term, which is the last fraction 


according; to the rule stated in this stanza, ■ we -.get 


a 

!i:i ye to a .M ~ m order to get 1 ... Urn « n m. ;»>]„, 

ruie !,s the Arst fracti “ H . •*> 3 i« the value elmseu for a> B |„b e the 

of all the fractions has to be 1. ; • V , »«mot4h>r 


To this T- 


» Wo 


00 
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(number) which is (inmiediately) next to it (in value) and then, 
haired. 


Tl.se rule for arriving at the ■ (required) denominators (in the 
ease of certain intended fractions), when their numerators are 
(each) *w or other- than one., and when the ('fraction constituting 
their") sum lias me for its numerator ; — = 

78. When- the suin' (of certain intended, fractions) has one for 
its numerator, then (their required denominators are arrived at by, 
taking) the denominator of the sum to be that of the first 
/.(quantity.), and (by taking), tills (denominator) combined with its 
own (related) numerator to be (the. denominator) of the next 
(quantity) and so on, and then by multiplying (further each such 
denominator in order) by that which is (immediately) next to it, 
the last* (denominator) being (however multiplied') by its own 
(related 5 numerator, 


Examples in illustration thereof. 

79. The sums (of certain intended fractions) having for their 
numerators 7, 9, 8 and 18 (respectively) are (firstly) 1, (secondly) 


and (thirdly) Say what the denominators (of those fractional 


quantities) are. 


The rule for arriving at the denominators (of certain intended 
fractions) having; one for their numerators, when the sum (of those 
fractions') has one or (any quantity) other than one for its 
numerator :™-." 


78. if th.o sum is — , and d, h , e. and d are the given numerators, 

: V. ;■ \ v . -V- . "4 ' 


tfie fractions summed up are as below : 

' / * X / ^/- :- v ; " ; :ry. : .4'/ 


o [h -r a) U t (:} \n -f- a M r („ + a •» in " 4- u -f L + C j 


d 



a- /V/; /-: /// " 

a('H -bji 4 - r. 

.it Ur 4- e 5 (f f -f t; + K) *** : -f a 4- " " -f a t fr 4- c ) 

{« y- m > 4* 0 X 

■".dhs---’ 


c t n 4 - a 4 “ 0 


« {* * a) (h t- r 4- C} ‘ n +"W '< 

f ;,- .J. & 4. <&' 1. 

' u [H + a *f b ) tC 




4 


Y* 


y.- 
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.80', The denominator of ills- given Him when combined with 
,aa optionally chosen quantity ansi then divided by the n limeTator- 
of; that sum so us to leave no remainder, 1 mcnmc* the denominator 
related iu the first numerator *jn the in tended series of f rat-nous) ; 
mid the (above optionally chosen quantity, when divided by this 
(denominator of the first fraction- and by tin* denominator of the 
(given) sum, gives rise to. (the- sum of) the' remaining (fractions in 
the series)/ From this (known sum of the' remaining fractious in 
the series, the determination) of the other (dononimators is to be 
carried out) in this very 'manner. 

Examples in ittvMraiion thereof. 

81. Of throe (different) fractional quantities having 1 for each 
of their numerators, the sum Is J; and of 4 (such other quantities, 
the sum is) -lb Bay what the denominators are. 

The rule for arriving at the denominators' (of certain intended' 
fractions) having, either one or (any number) other than one for 
their numerators, when the sum (of those fractions')'' has a numerator. 
; otlier than one 

82. When the known numerators are multiplied by (certain)'- 
chosen quantities, so that the sum; of these (products) is equal to ; 
the numerator of the (given) sum (of the intended fractions), then, 
if the denominator of the sum (of the intended fractious; is 
divided by the multiplier (with which a given numerator has \ itself 
(been multiplied as above), it gives rise to the required denominate* 
in relation to that (numerator). 


,80. Algebraically, 'if is the sum, the. : ; fap fraction, Is ' ; and the sum 

° J u - n + : p 

a 

of the remaining fractions is mentioned in the role to,lie q^here p is the 

; a S’ -ft ■ ' ■ . * 


op turn ally chosen (jaantit-v. This -- 


is obtained obviously 'by simplifying 


1_ 

« + P, 

We must, here giro such a value to p that n f f becomes exactly divisible hf a, 

8 ' 
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Examples m Illustration thereof . 

83* Say wl'iat the denominators arc of Hired (different fractional) 
.qua ntitios each of which has 1 for its numerator, when the sum 
(of those quantities) is f|. 

84. Say what the denominators are of th ree ( fractional quant i- 
ties) which have 3, 7 and 9 (respectively) for their numerators, 
when the sum (of those quantities) is 

The rule for a rriving at the denominators of two (fractional) 
quantities which have owe 'for each of their numerators, when, the 
sum (of those quantities) has one for its numerator:— 

85. The denominator of the (given) sum multiplied by any 
chosen number is the denominator (of one of the intended fractional 
quantities); and this (denominator)- divided by the (previously) 
chosen (number) as lessened by one gives rise to the other 
(required denominator). Or, when in relation, to the denominator 
of the (given) sum (any chosen) divisor (thereof) and the 
quotient (obtained therewith) are (each) multiplied by their sum, 
they give rise to the two (required) denominators. 


Examples in illustration thereof 


the denominators of the t wo (intended fractional) quantities are 
when their sum is either f or tV* 


The first rule for arriving at the denominators of two 
(intended fractions) which have either one or (any number) oilier 


85. A1 gebraie&Hv , '.when- is the sum of two intended fractions, tlw fraction: 


according to bias rule are 


in any chosen quantity . It will 


■con afe ones that the sum of these two fractions is 


the fractions may be taken to be 


sum is 
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M 

Ilian one for their munerators, when the sjum (of those fracdioim)hms 
«hhor or (am* number) other than mie tor its numerator:-- 

(Either) numerator multiplied hj a elioson number), then 
* oinbineo with the oilier mnnerabnv thou divided by the numerator 
oC tlio (given) sum oi the intended iVuetion>J &u as to leave no 
remainder, ana then divided by the (above) chosen, number and 
in id it ip lied by the denominator o* the (above) sum tof iSie in tended 
f raeilorm), gives rise to a (required) denominator. The denomi- 
nator of the oilier (fraction), however, is this (denominator) 
multiplied by the (above) chosen (quantity), 

■ 'Ewct'ftiplvs in il/itetrctri.wn Ikvivof* 

86. Say what the denominators are of two (iuie.rn.lad fractional) 
quantities; which have 1 for eaelrof their numerators, when the sum 
(of those fractional quantities) is .either -|y or ; • as •. also •• of • two 
(other fractional quantities) which have f. ami 0 (tvxpbmvvly.} ; fori 
(their) numerators. 

The second rule (h m iolh*ws ;■■■ - 

89, The numerator (of one of* the intended fraction*} as 
multiplied by -the denonduator of" the" sum ' (of . tho intended 
fractions), when combined with the other numerator and then 
divided by the numerator of the sum (of the intended fractions), 
gives rise to the denominator of one \ of the fractions). This 
(denominator), when multiplied by the denominator of the sum 
(of the intended fractions), becomes the denominator of the other 
(fraction), \ ("y dy : eyb;, ; y : ; yv y yyyy 

■: ■. - \\ •" . "f ••••" '• . •. 1 • ■■■■•■ • •• ••••.••• .• : • •••■• 1. . . p ,! •‘.'by : 

■ S7- Algebraicalivj if '--is the sum of in o intended fractions with u :aui h 

, . \-cy yifiyi/yxvywyy 

. y-'- ■■ ■ ' V 1: : 1 

Us thtnr rluioefemrs, then Hie fractions are — — v~ and •- - v- • , where a 

■ ;■ i-' ■ ■: . s : i : j . V: 

■ y ■ ' c vyy : w ; vy. ; y vw\vy\y«#.;. yy$cvy 

Is tivy rniinUT ytj cliosei* Uiui ap, 4 b is divisible hy Tin' sum id i be.se fractleafi, 

,y , ..m r : : ■ 1 . > v ;, l: V,V;;yyy 

it will *»,• lounV is 

ii b.C':-V:f/-CV- : .;W' , Vw : ; ■ ' yVy.w VW;v\:y : V ;/V:; 

S ih This rule is only a particular ease of Che rule given in giunxit Ko. S7» us ' 
the' denominator of Che 

■ilf ; it oh ; -th & tilt ^ 
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. Examples in illustration thereof \ 

90. 0 friend, tell me what the denominators are of two (frac* 4 
tional) quantities which have 1 for each of their numerators, 
when the sum (of those intended fractions) is f ; as also of (two 
other intended fractions) which have 6 and 8 (respectively) for 
(their) numerators, 

. 91. The sum of £, and ^ is 1. When is left out here, 
what two (fractions) having 1 (for each of their numerators) have 
to he added (instead so as to give tLe same total) ? 

92. The sum of j and ^is 1. If ^ is left out here, 
what two (fractions) having 7 and 11 for their numerators should 
be added (instead so as to give the same total) ? 

The rule for arriving at the denominators (of a number of 
intendod fractions) by taking (them) in pairs: — 

93. After splitting up tho sum (of all the intended fractions) 
into as many parts having one for each of their numerators as 
there are (numbers of) pairs (among the given numerators), these 
(parts) are taken (severally) as tho sums of the pairs; (and 
from them) the (required) denominators are to be found out in 
accordance with tho rule relating to two (such component 
fractional quantities) . 

Examples in illustration thereof. 

94. What are tho denominators of (those intended) fractions 
whose numerators are 3, 5, 13, 7, 9 and 11, when the sum of (those 
fractional) quantities is 1 or | ? 

The rule for arriving at (a number of) denominators, with 
the help of the denominators that have one as (their corresponding) 
numerators and are arrived at according to one of the (already 
given) rules (for finding out tho denominators), as also with the 
help of the denominators that have one as (their corresponding) 
numerators and are arrived at according to any other of those 


93. The rules relating to two fractional ijuantities hare been given in stanzas 
86, 87 and 89. 
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rates, when the sum (of all the intended fractions) is mi ; ami also 
.{the ruleY for getting at (the value of) the part fhnl is loft out :«~ 

U*n Hie denominators derived in aceorciiinee with mnv 1 chosen 
rule, when (severally) multi pi k \ hy ilm denominators derived m 
accordance with another rule* become the f required) ilenominators. 
The sum (of all the fractions), diminished by the uim of the 
specified part (thereof), gives the measure of 1 lie optionally loft- 
out part. 

Emm, pies in ilfusi ration thereof* 

96, The number of fractions (obtained) hy rule No. 77 is 13, 
and 4 (is obtained) by rule No. 78. When the sura, (of the 
fractions arrived at with the help of these rules is 1 , how many 
are the (component) fractions ? 

97, The number of fractions (obtained) by rule N 0.78' is 7, 
and 8 (is obtained) by 'rule No. 77, When the.. sum (of the frac- 
tions arrived at) with the help of these (roles) is h how many .are 
1 lie (mm pone til imm! es- r 

98 , Certain fractions- ..are ■ given ’with T ; fdr-.eaeli; .of- ih eir rnimci> 
ators, ..and' 2, 6 ? , 12 and 20 for their - respeetiyo. 'denojninators. Tlnv 
( fifth fractional) quantity is hero loft out. The sum of all (these 
five) being I. what is that (fractional) quantity (which h left 
out) ? 

Here end Simple Fractions. 


Compound and Complex Fractions. 

The rule for (simplifying) compound and complex fractious 
09. In (simplifying) compound fractions, the multiplication of 
the numerators (among themselves) as well as of the denominators 
(among themselves) shall be (the operation). In the .operation (of 
simplification) relating to complex fractions, the deaominator of 
(the fraction forming) the denominator (becomes) the multiplier 
of the number forming the numerator (of the given fraction). 


for tlio numerator u.n<i a fmciioo Ur (k* U 
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&ximi } (ex. in compound frmdwns. 


100 to 102. To offer in worship at the feet of ») iua, lotuses, ■ 
}asamiiies ? keialch and lilies were purchased in return for the pay- 
ment of X of 1. | of x X of of }, j ; of X of h i of J of X, ^ of 
f of X 1 of X of i of X x of i of f of X of X, x of x of X of X 
and X of X, of a panac 8 tun up these (paid quantities) and give 
out the result. 


103 and 104. A certain person gave (to a vendor) X of 1, 
i of x of of x | of f, and f of (of a .prr/m) out of the 2 

paucis { in his possession), and brought fresh ghee for (lighting) the 
lamps in a Jina temple. 0 friend, give out what the remaining 
balance is. 

105 and 100. If you have taken pains in connection with 
compound fractions, give out (the resulting sum) after adding these 
(following tractions y ot X? .’V"~ ^ '»> iV. ^ Tf-> A I ? tit A 
and | of | of x 

The rule for finding out the one unknown (element common 
to each of a set of compound fractions whose sum is given) 

107. The given sum, when divided by whatever happens to he 
the sum arrived at in accordance with the rule (mentioned) before 
by putting down om in the place off the unknown (element in the 
compound fractions), gives rise to the (required) unknown (element) 
in (the summing up of) compound fractions. 

.• An., emmple ■ in illmtration thereof. 

103. The sum of J of £ . x of X, \ of § of -j. of a certain 
quantity is X. What is this unknown (quantity) ? 

The rule for finding out more than one /.unknown (element, 
one such occurring in ; each of a set of compound fractions whose 
sum is given) : — 

; 109. , Make the unknown (values of the ..various parlmllyknown 
compound fractions) to be (equivalent to) such optionally chosen 

lea. This rule will be clear from tbe following* working oJ‘ (.he problem gnon 
iti sbiiiau No. H0: - 

SpSh&g up I, the mm of the intended iractimu*, into 3 fractions according 
< » j'Um* No. 7Sj wt- ‘ and Making U<es<* me v&iw*s of iho dim* 
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M 

iin^ntiii^s.asj in ntnuhsi t'o the given compound nw 

t ■ i.oi » *'') 5 have tiieir ?nm equal -to the given sum (of the partially 
given compound fractions) : that, divine iiics** t optional I v chosen 
■values of the unknown (eompniUiddYrvi+u £ ‘d qumithiov v the:? 
blown (elements) respectively* 

xi?l excmiple ni itluxij “thou fhi y f*eaf- m 

1 10. (/ I’he following- partially ■ hiimvi!. compound {motions, viz.,,) 
i of a certain quantity., f ..of of ;anothei’"f<juai'itity), and of 
4 of (vet) another (quantify give rise to) \ ns (thoi'r) mm What 
are the u nk no wn . • (elements' here - in- re^peef .of these ’roiiipo.iincl' 
fractions) 

Example® m complex^ Jrmtiom, 

111. ((liven) ‘I and l : ; say what the sum is when them* 

„ : Y ¥ ¥' ■ Y 

are added 

1 12 . After subtracting + and also | and from 0, give out 
the remainder,; . . ^(WVY: ■. + +■+ 

Thus end Compound and Complex Fractions. 


Shaga n mhmidka Fractions, 

The rule in respect of the (simplification of) Bhnpanubandha 
or associated fractions : — 

11*1 in the operation concerning (the simplification of) the 
BkagannkhtrfJia class (of fractions), add the numerator to the 


partially known compound Auctions, wc divide rhem in order by V * of J, and h 
of U respectively. The fraeiioi.s thus obtained; viz, } u +, and *, arc rim tjmmiiHr ■*» 
to be found out, Y V:'- : ,b¥ : ^ AtbY f't :brs ' 

113. Bhajttnubandha literally meads an Associated feefioh- This role- eanteinT 
plates two kinds of associated fractions. The first is what is known as a mixed 
number, /.m a fraction associated with an ini oyer. The Bmmti kind consists of 
fractions associated with fracMouH, e.g>, ^associated wi&/§b+ associated with 
its own 1 and with J, of this associated quantity. The expression “ £ associated 
with l ” means *- + ?, of l. The meaning of the other' example here is | + £ of 
l + } of (1+4 of I), This kind of relationship is what. is denoted by aisaeia-f+ti 
Ybryybb VYvYYYYi XX-xXXXXX. 
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fpro'iuct of tlw mhM) *M* ftl ' 

.L'nl»il>.tor. ( Wlinu, ho»«cr.tl„. MtM ,«** “ 

i„„. OT i, M b -"War «* ""“'f ‘ 

Ml denominator of the «•* (traction, to «M> ftf <&* * ll “ 1 ' 0 " 

Is attached) bv the denominator combined with the numerator, and 
by the denominator (itself, of this other fraction). 

Example* on Bhagtlnuhandha/r^^ containing associated 
■mtnyers. 

\ 14 Nidas 2, 3, 6 and 8 in number, are (respectively; associa- 
te with *, J-, l and |. 0 friend, subtract (the sum of these) 

115. Lotuses were purchased for H, camphor for 10^, and 
saffron for 2| (nidas). What is (their total) value when added 

116. 0 friend, subtract from 20 (the following) ’.St, V , JS 
ft xt cl 3*^ 

UT. A. person, after paying 7|, 8}-, 9} and 10} mams, offered 

in worship in a Jina temple, garlands of blooming kwamka, hinda, 
jati and main flowers. 0 arithmetician, tell me quickly (the sum 
of those mams) after adding them. 

Examples on Bhagftnnbandba^rftow^ containing associated 
fractions. 

118. (Here) is associated with its own and with \ (of this 
associated quantity) ; and A also (is similarly associated) ; \ is asso- 
ciated with its own | and with | (of this associated quantity). 
What is the value when those are (all) added i 

no. For the purpose of worshipping the exalted .linas a 
certain person brings-tlowers (purchased) for $ {niska) associated 
(iu additive consecution) with fractions (thereof) commencing 
with i and ending with \ (in order) ; and scents (purchased) for 
l (niska) associated (similarly) with $, b l and (thereof;; 
and incense (purchased) for * (nida) associated (similarly) with 
f, }- and \ (thereof) : what is the sum when these (niskas) are 
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120. 0.' friend, subtract (the following) from 3: '-}/ associated 
with. | of itself and with i of this (associated .quantity),! .associated 
with -J-, I* and ■§ of itself (in at blithe cm mNvdhn), -J i similarly) 
associated with (fractions thereof)- commencing with ■§ and. ending 
with | 5 and f associated with | of itself. 

121. 0 friend., yon,, who have a thorough knowledge of BhMtja* 
mdmidfm, give out (the result) after .adding ] associated with .1 of 
itself, -rV associated with \ of itself, \ associated with l of itself, 
{r associated with ■} of itself, and -J- associated with -? f of itself. •. 

Now the rule for finding out the? one unknown (element) at 
the beginning (in each of a number of associated fractions, their 
sum being given) : — 

122. The optionally split up parts- of the (given) sum, which 
are equal (in number) ' to the ' (intended) component ' elements 
(thereof), when divided in order by the resulting quantities arrived 
at by taking one to be the associated quantity (in relation to these 
•component elements), give rise, to the value of the. (required) 
unknown (quantities in association). 

"Examples m illustration thereof: 

123. A certain fraction is associated with -J, and. \ of itself 
(in additive consecution). ; another (is similarly associated ) with 
!, -J-. and \ of itself ; and another (again is similarly associated) 
with f, 'l and J of itself ; the sum of these (three fractions so asso- 
ciated) is 1 : what are these fractions ? 

124. A certain fraction, when associated (as above) with f, 

| and | of itself, becomes |v Tell me, friend, quickly the measure 
of this unknown (fraction). 


122, This rule will be clear from the working of example No, 123 as explained 
below i — * 

There are three sets of fractions given j and splitting up the sum, I, into three 
fractions according to rule No. 75, we get i and }, By dividing these fractious 
by the quantities obtained by simplifying the three given sots of fractions 
wherein 1 is assumed as the unknown quantity, we obtain l, and which are 
the required quantities., 

9 
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The rule for finding out any unknown fraction m other 
required places (than the beginning) 

125. The optionally split up parts of the (given) sum, when 
divided in order by the simplified known quantities (in the 
intended Bhdgdnubcmdha fractions), and (then) diminished by 
become the unknown ' (fractional quantities) in the required 
places of our choice. 

Thus ends the Bhdgdnubandka class (of fractions). 


Bhagapavdlm Fractions* 

Then (comes) the rule for the (simplification of) Bhagapavdha 
(or the dissociated) variety (in fractions) : — 

126. In the operation concerning (the simplification of) the 
Bhdgdpamha class (of fractions), subtract the numerator from the 
(product of the dissociated) whole number as multiplied by the 
denominator. (Wharq however,, the dissociated quantity is not 
integral, but is fractional,) mulitiply (respectively) the numerator 
and the denominator of the first (fraction to which the other 
fraction is negatively attached) by the denominator diminished 
by the numerator, and by the denominator (itself, of this other 
fraction). 

'Examples on Bhagapavalia fractions containing dissociated 
integers . 

127. Harms 3, 8, 4 and 10, diminished by -1, and -} of a 
harm, are offered by certain men for the worship of tirthanharas . 
What is (the sum) when they are added ? 


125. The method given in this rule is similar to what is explained under stanza 
No. 122 : only the. results thus obtained have to be, in this ease, each diminished 
by, one* 

120. Lhirgtrpavdha literally means fractional dissociation* As in BMganu- 
handha, there are two varieties bore also* When, an integer and a fraction are 
'mBMgdyavaha relation, the. fraction is- ■.simply; subtracted from the integer. 

Two or more fractions may also be in such relation, as for example, § dissoci* 
tiled from § of itself or f dissociated from -J, and | of itself* It is meant here 
that l of f is to be subtracted from § in the first example $ and the second example 

comes to f — of l of Q—l of f) - 5 of £ f-~£ of f— J of (? — § of f) J * 


67 


CHAPTER ' III— MACTIONS. 

128. Tell me, friend, quickly, the amount of the money remain*' 
mg after subtracting from 6 X 4 of it, (the quantities) 9, 7 and .9 
as diminished in order by f, J- and §. 

Examples on Bhagfipavaha fmctiom containing dmomted 
. fractions. 

129. Add jb I, -} and | which are (respectively) diminished 
by J-, l, J* and J of themselves in order; and (then) give .out 
(the result). 

130. (Given) f of a pam diminished by -J, £ and of 
itself (in consecution); T % (similarly) diminished by I and | of 
itself ; | (similarly.) diminished by § , f and 4 of itself ; and, another- 
(quantity), viz., | diminished by f of itself — when these are (all) 
added, what is the result ? 

131. If you have taken pains, 0 friend, in relation to Bhaga - 
pavdhct fractions, give, out the remainder after subtracting -• from If 
(the following quantities): f diminished (ill consecution) by:$, 
and f of itself; also (similarly) diminished by | v f and f .of itself ; 
and (also) f (similarly) diminished by f and.f of itself. 

Here, the rule for finding out the (one) unknown element at the 
beginning {in each of a number of dissociated fractions, their sum 
being given) :™ 

132. The optionally split up parts of the (given.) sum winch arc 
equal (in number) to the (intended) component elements (thereof), 
when divided, in order by the resulting quantities arrived at by 
taking one to be the dissociated quantity (in relation to these 
component elements), give rise to the value of the (required) 
unknown (quantities in dissociation). 

Mmmples in iMmifatimMereofi • 

133. A certain fraction is diminished (in consecution) by f 
and ! of itself ; another fraction is (similarly) diminished by f, $* 
and f of itself ; and (yet) another is (similarly) diminished by f, 


132. The working is similar to what has been explained under gtaaaza Ko, 122,' 
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a v of itself. The sum of these (quantities so diminished) is 2 . 

What are the unknown fractions here Y 

l-]4 4 certain fraction, diminished, (in consecution ; by ■£, 

$ and i- of itself, becomes f 0 you, who know the principles of 
arithmetic, what is that (unknown) fraction ? 

The rule for finding out any unknown fraction in other required 

places (than the beginning) __ 

135. The optionally split up parts derived from the (given) 
sum when divided in order hy the simplified known quantities (m 
the intended Bhdgdpavaha fractions), and (then) subtracted from 
one (severally), become the unknown (fractional quantities) m the 
(required) places of our choice. 

Thus ends the Bhdgdpavaha variety of fractions. 

The rule for finding out the unknown fractions in all the 
places in relation to a Bhdgdmbcmdha or Bhdgdpamha variety of 
fractions (when their ultimate value is known) 

136. Optionally choose your own desired fractions in relation 
to all unknown places, excepting (any) one. Then by means of 
the rules mentioned before, arrive at that (one unknown) fraction 
with the help of these (optionally chosen fractional quantities). 

Examples in illustration thereof. 

137. A certain fraction combined with five other fractions of 

itself ('in additive consecution) becomes and a certain (other) 
fraction diminished (by five other fractions of itself in consecution) 
becomes £. 0 friend, give out (all) those fractions. 


r,S5. This rule is similar to the rule already given in stanza No. 125. 

1S6." The previous rules here intended are those given in stanzas 122, 125, 132 

dn< 137°'ln working out the first ease in this example, choose the fractions 1, l, 1, 
1 and ’’in places other than the beginning ; and then find out, by the rule given 
in stanza 122, the first fraction which comes to he J. Or choosing i, J, l, « ■}> 

find out the fraction left out in a place other than the beginning in accordance 
with the rule given in stanza 125 ; the result arrived at is f. Similarly, the second 
case which involves fractions in dissociation can be worked out with the help of 
the rules gi ven in stanzas 132 and 135 * 
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Mh agmtm tr Fractions. 

Tiie rule .for (the ' simplification -of) that • class of fractions 
which contains all the foregoing varieties of fractions i— 

188, In the ease of the BhagamMr class 'of fractious (or that 
class of fractions which contains all the foregoing varieties), the 
respective rules pertaining to the (different) varieties beginning 
with simple fractions (hold good). It, ' *>., Bhagnmnh\ is of 
t we 1 1 ty -si x kin d s . 

One is (taken to he) the denominator. (in the .ca.se) of a quantity 
which lias no denominator. 

Examples in illustration thereof. 

139 and 140. (Given) i; i ; J-of | ; % of ; J-; 1; 4; 1|; | 

. 2 . 

associated with. ^ of itself; then f associated with .of itself; 1 
diminished by -} ; 1 diminished by T 0 ; i diminished by y of itself ; 
and I' diminished by -J of itself ;: after adding these according to 
the rules which are strung together in the manner of a, garland of 
blue lotuses made up of fractions, give out, 0 friend, (what the 
result is). h-dy; 

Thus ends the Bhdgamdtr variety of fractions. 

Thus ends the second subject of treatment known as 
Fractions in Sarasa-ngraha which is a work on 
arithmetic by Mahavxracarya. 


. 138. The twenty-six varieties here mentioned are Bh&ga, Frabh%&, Bluiga- 
bh&g% Bliagamibandha, and Bhagupavuha., in combinations of two, three, four or 
five of these at a time ; such as, the variety in which Bhaga and Frabhdga are 
mixed, or Blmgaand Bhagabhaga are mixed, and so on. The number of varieties 
obtained by mixing two of them at a time is 10, by mixing three of them at a 
time, is 10, and by mixing four of them at a time is 5, and by mixing all of them at 
a time is I ; so there are 26 varieties. The example given in stanza 1U9 belongs 
to this last- mentioned variety of Blutgamatr in which all the live simple varieties 
are found, . .. ' ■■■ h , Jy,'.: Ur-;.; ; 

139, The word utpalamdiihi, which occurs in this stanza, means a garland of : 
blue lotuses, at the same time that it happens to he the name of the metre hi 
which the stanza is composed. 
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CHAPTER IV. 


MISCELLANEOUS PROBLEMS (ON FRACTIONS). 

The Third Subject of Treatment. 

1 After saluting the Lord Jina, Mahavlra whose collection 

of infinite attributes, is highly praiseworthy vouchsafes 

boons to (all) the three worlds that worship (him), I shad treat o£ 
miscellaneous problems (on fractions). 

2 May Jina, who has destroyed the darkness of xmnghreons- 

Iiess aft d is the authoritative exponent of the syadmda, and is the 
iov of learning, and is the great disputant and the bes. cu sage*, 

he (ever) victorious. Hereafter we shall expound the third subject 

of treatment, viz., miscellaneous problems (on fractions). 

3 There are these ten (varieties in miscellaneous problems on 

fractions, namely), Bhaga, Se,a , WM, the two varieties 

3- The BhdrjU' variety P«“*> of 

value of the portion remaining a *• fractional parts removed are each of 

tomtu and tlT «ioal value of the known remainder is termed 

0CTfcain “ fraCti0Dal PiU ' tS 

of the portion remaining ^ ^ . q£ ^ R e root of that total quantity. 

‘IffiSSSKST* the same as the a ***£££ 

Vi,., the square root here is of the remainder after subtraoto, 

where “ a known m zt^ 

of things is first 

- «» z 

Of the total number is supposed to be first removed, and then the numeric, 
rernammsf portion is given. 
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BmragraBmmuJa and. Ammmiila, and then Bhagahkmm, then 
Amamrga, MuhmUra and JBkmriadrtya. 

The rule relating to the Bhaga and the Bern- varieties therein, 
(Le., in miscellaneous problems on fractions). 

4, In the operation, relating to the Bhaga variety, the (required)' 
result is obtained by dividing the given quantity by one as 
diminished by the (known) fractions. In the operation relating to 
the *em variety', (the required result) is the given quantity divided 
by the product of (the (quantities. -obtained respectively by) mb* 
tracking the (known) fractions, from one. 


5. Of a pillar, f- part was seen by me to be (buried) under the 
ground, in water, \ in moss, and 7 hrntm (thereof was free) in 
the air. What is the (length of the) pillar ? 


In the JBhd.gdbh.ydsa or Bh dg. a§it m varga variety, the nhmerie&l value is given of 
the portion remaining after removing from, the whole the product or products bf 
'certain fractional pares -o£ : tlio. whole. taken iwo-by-t-wo, ; 

The Athhivarga variety consists of problems wherein the numerical value is' 
given, of . the .Tem ainder. after - removing' from the ' whole ■ the s q u are of -a: fraction a!" 
part' thereof,; this, fractional part' being at the same Mime increased ■or; deofeased 
by a given number. 

/'The Mid awmr a .'variety 'consists, of problems; wherein 'is. -given .the ivu in erica,!, 
value of the stun of the square roof of 'the whole when added to. the aqriare roht 
of the whole- as increased or .dimmished'.by a; given number ' of- things. ’ . 

.In; the' Bhinnadfiy a variety, '-a ' -fractional --part 'of 'the : whole. as ''imilUpIicd W 
-.another.; fractional part thereof is removed from if, -iuid/tho. remaining. portion; is) 
expressed as a fraction of the whole. Here if will he seen that unlike in f hm 
other varieties the numerical value' of the last remaining portion is not actually 
given,, but is ax pressed.- as a. fraction .of tiie’;whc)le..-' 


f. Algebraically, the rule relating to the lihdya variety is ;r=~-~ j, where st is 

the unknown collective quanthy to he found out, a is the rfrsya or ajra, and b m 
the hhd'ja or the fractional part or the sum of the fractional parts given. 

It is obvious that this is derivable from the equation a? — bis = a. 

The mile relating to the $$*t* variety, when algebraically expressed, comes to 

7 Ah _ whore b lt b 2f & 3 , &o» } are fractional parts of the 

successive remainders. This formula also is derivable from the equation 
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fi Out of a collection of excellent bees, 1 took delight 
■ rees ‘ A in Mamba- tree, | in mango trees, * m a camp 
wi f h blossoms fully opened; ^ in a collection of full-blowi 

"e“a by ib«»y B »I to s„„; a.d (finally) » »„ g lo m 
b« baa tam oM»S “ »• *r- m,t h the 

in that collection? 

7. A certain Mvdka, having gathered lotuses, an 
uttering hundreds of prayers, offered those (lotuses) m m 
of those lotuses and h i and -Jr of this (-»-) respec ne y 
tirtkanlcaraz commencing with tie exe.ltot •/>«. ?!»«•, 

Sumati 4 a. »•« as A * «• («~ * * .** 

he oiW m worship to the rsmam.og (19) <" 
2 lotuses each with a mind well-pleased. W bat is tile 

value of (all) those (lotuses) ? . 

8 to 11. There was seen a collection of pious men, 
brought their senses under control, who had driven 
poison-like sin of karma, who were adorned with 
conduct and virtuous qualities and whose bodies had 
braced bv the Lady Mercy. Of that (collection), * wa 
of logicians ; this (*) diminished by * of itself was i 
the teachers of the true religion; the difference bet- 
two (, namely, i *2 and of *) was made up o! 

knew the Vedas; this (last proportional quantixy) mu 
was made up of the preachers of the rales of conduct, an 
same (quantity) diminished by * of itself was maaen 
lowers ; the difference between these two (last mentioned 
was made up of controversialists ; this (quantity) mu 
was made up of penitent ascetics ; and 9 X b leading a 
(further) seen by me near the top of a mountain with 
bodies highly heated by the rays of the sun. Tell 
(the measure of this) collection of prominent sages. 

12 to 16. (A number of) parrots descended on a 
beautiful with (the crops) bent down through the wc 
ripe corn. Being scared away by men, all of the 

flew up. One-half of them went to the east, s 
to the south-east; the difference between those 
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17 to 22. One night, in a month of the spring season , a 
certain voting lady . . . was lovingly happy along with her 
husband on. . . . the floor of a big mansion, white like the 
moon, and situated in a pleasure- garden with trees bent clown 
with the load of the bunches of flowers and fruits, and resonant 
with the sweet sounds of parrots, cuckoos and bees which/ were all 
intoxicated with the honey obtained from the flowers ' therein. 
Then on a lore-quarrel- arising between the husband and the wife, 
that lady’s necklace made up of pearls became sundered and fell 
on the floor. One-third of that necklace of pearls reached the 
maid-servant there ; } fell on the bed ; then | of what remained 
(and one-half of what remained thereafter and again \ of what 
remained thereafter) and so on, counting six times (in all), fell all 
of them everywhere : and there wore found to remain (unseatterod ) 
1,161 pearls; and if yon know (how to work) miscellaneous 
problems (on fractions), give out the (numerical) measure of the 
pearls (in that necklace). 

2$ to 27. A collection of bees characterized by the blue color 
ol the shining indremila gem was seen in a flowering pleasure- 


17. Certain epithets here have hot been considered Jifc for translation, 
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garden. One-eighth of that (collection) became hidden in asoka 
trees, } in kufci/a trees. The difference between those that hid 
themselves in the kufcija trees and the asoka trees, respectively, 
multiplied by 6, became hidden in a crowd of big pdtcdl trees. 
The difference between those that hid themselves in the pdtaU 
trees and the asdka trees, diminished by £ of itself became hidden 
in an extensive forest of mla trees. The same difference, together 
with ] of itself, became hidden in a forest of madhuka trees; l of. 
that whole collection of bees was seen hidden in the vakula trees 
with well-blossomed flower-buds ; and that same } part was found 
hidden in tilaka , kuravaka, sarala and mango trees, and on collec- 
tions of lotuses, and at the base of the temples of forest elephants ; 
and 83 (remaining) bees were seen in a crowd of lotuses, that were 
variegated in color on account of the large quantity of (their) 
filaments. Give out, 0 you arithmetician, the (numerical) 
measure of that collection of bees. 

28. Of a herd of cattle, J is on a mountain ; \ of that is at the 
base of the mountain ; and 6 more parts, each being in value half 
of what precedes it, are found together in an extensive forest, and 
there are (the remaining) 32 cows seen in the neighbourhood of 
a city. Tell me, 0 yon. my friend, the (numerical) measure of that 
herd of cattle. 

Here end the examples in the Bhdcja variety. 

Examples in the Sesa variety . 

29-30. Of a collection of mango fruits, the king (took) } ; 
the queen (took) k of the remainder, and three chief princes took 
j ; , A- and b (of that same remainder) ; and the youngest child took 
the remaining three mangoes. 0 you, who are clever in (working) 
miscellaneous problems on fractions, give out the measure of that 
(collection of mangoes). 

81. One-seventh of (a herd of) elephants is moving on a 
mountain ; portions of the herd, measuring from k in order up to 
!, in the end, of every successive remainder, wander about in a 
forest ; and the remaining 6 (of them) are seen near a lake; How 
many are those elephants f 



33, Algebraical} v expressed, this rule eoxnes to 


this is easily obtained From, tho 


equation x — {bx+ c 4 / »-*-«) = 0 , This equation is the algebraical expression of 
problems of this variety. .Here c stands for the coefficient of the square root 
of the unknown quantity to be found out. 
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82. Of (the contents of) a, treasury, one man obtained } 
part ; others obtained from £ in order to in the end, of the 
successive remainders ; and (at last) 12 pur anas were seen by me 
(to remain). What is the (numerical) measure (of the purdnas 
contained in the treasury) P 

Here end examples in the Sesa variety. 

The rule relating to the Mula variety (of miscellaneous prob- 
lems on fractions).: — 

38. Half of (the coefficient of ) the square root (of the unknown 
quantity) and (then) the known remainder should be (each) divided 
by one as diminished by the fractional (coefficient of the unknown) 
quantity. The square root of the (sum of the) known remainder 
(so treated), as combined with the square (of the coefficient) of the 
square root (of the unknown quantity dealt with as above), and 
(then) associated with (the similarly treated coefficient of) the 
square root (of the unknown quantity), and (thereafter) squared (as 
a whole), gives rise to the (required unknown) quantity in this 
mula variety (of miscellaneous problems on fractions). 

Examples in illustration thereof. 

34. One-fourth of a herd of camels was seen in the forest ; 
twice the square root (of that herd) had gone on to mountain- 
slopes ; and 3 times 5 camels (were), however, (found) to remain on 
the bank of a river. What is the (numerical) measure of that 
herd of camels ? 

85. After listening to the distinct sound caused by the drum 
made up of the series of clouds in the rainy season, and f (of a 
collection) of peacocks, together with 1 of the remainder and of 
the remainder (thereafter), gladdened with joy, kept on dancing on 
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the big theatre of the mountain top ; and 5 times the square root 
(of that collection) stayed in an excellent forest of vakula trees ; 
and (the remaining) 25 were seen on a punndga tree. 0 arith- 
metician, give out after calculation (the numerical measure of) 
the collection of peacocks. 

36. One-fourth, (of an unknown number) of. sdrasa birds 
is moving in the midst of a cluster of lotuses ; £ and | parts 
(thereof) as well as 7 times the square root (thereof) move on a 
mountain ; (then) in the midst of (some) blossomed vakula trees 
(the remainder) is (found to be) 56 in number. 0 you clever 
friend, tell mo exactly how many birds there are altogether. 

37. No fractional part of a collection of monkeys (is distributed 
anywhere) ; three times its square root axe on a mountain ; and 40 
(remaining) monkeys are seen in a forest. What is the measure 
of that collection (of monkeys) ? 

38. Half (the number) of cuckoos were found on the blossomed 
branch of a mango tree ; and 18 (were found) on a tilaka tree. No 
(multiple of the) square root (of their number was to be found 
anywhere). Give out (the numerical value of) the collection of 
cuckoos. 

39. Half of a collection of swans was found in the midst of 
vakula trees; five times the square root (of that collection was 
found) on the top of: icmidla trees ; and here nothing w*as seen (to 
remain thereafter). 0 friend, give out quickly the numerical 
measure of that (collection). 

Here ends the Mulct variety (of miscellaneous problems on 
fractions), 

The rule relating to the Sesamula variety (of miscellaneous 
problems on fractions)-, . . 

40. (Take) the square of half (the coefficient) of the square root 
(of the remaining part of the unknown collective quantity), and 

40. Algebraically, x — bx = \ yj + foj ^ ^ ^ Prom this the value 

of a? is to be found out according to rule 4* given in this chapter. This value of 
a — bx is obtained easily from the equation $ — h; 4 (c a/ + a ) — 0* 
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combine it with the known number remaining, and (then extmet) 
the square root (of this sum, and make that square root become) 
combined with half of the previously mentioned (coefficient of the) 
square root (of the remaining part of the unknown collective 
quantity). The square of this (last sum) will here be the required 
result, when the remaining part (of the unknown collective quan- 
tity) is taken as the original (collective quantity itself). But 
when that remaining part (of the unknown collective quantity) 
is treated merely as a, part, the rule relating to the hhaga variety 
(of miscellaneous problems on fractions) is to be applied. 

Examples in illustration thereof, 

41, One-third of a herd of elephants and three times the square 
root of the remaining part (of the herd) were seen on a mountain- 
slope ; and in a lake was seen a male elephant along with three 
female elephants (constituting the ultimate remainder). How 
many were the elephants here ? 

42 to 45. In a garden beautified by groves of various kinds of 
trees, in a place free from all living animals, many ascetics were 
seated. Of them the number equivalent to the square root of 
the whole collection were practising yoga at the foot of the trees. 
One-tenth of the remainder, the square root (of the remainder 
after deducting this) , } (of the remainder after deducting this), then 
the square root (of the remainder after deducting this), -J (of the 
remainder after deducting this), the square root (of the remainder 
after deducting this), -f (of the remainder after deducting this)/ 
the square root (of the remainder after deducting this), f (of the 
remainder after deducting this), the square root (of the remainder 
after deducting this), \ (of the remainder after deducting this), the 
square root (of the remainder after deducting this)— -these parts 
consisted of those who were learned in the teaching of literature, 
in religious law, in logic, and in politics, as also of those who wore 
versed in controversy, prosody, astronomy, magic, rhetoric and 
grammar and of those who possessed the power derived from the 
12 kinds of austerities, as well as of those who possessed am 
intelligent knowledge of the twelve varieties of the ahga-msira ; and 
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at last. .12 ascetics were seen (to remain without being included 
among those mentioned before). 0 (you) excellent ascetic, of 
what numerical value was (this) collection of ascetics ? 

46. Five and one-fourth times the square root (of a herd) of 
elephants are sporting on a mountain slope ; f of the remainder 
sport on the top of the mountain ; five times the square root of 
the remainder (after deducting this) sport in a forest of lotuses ; 
and there are 6 elephants then (left) on the bank of a river. 
How many are (all) the elephants here ? 

Here ends the Semmula variety (of miscellaneous problems 
on fractions). * 

The rule relating to the Semmula variety involving two known 
( quantities constituting the) remainders : — 

47. The (coefficient of the ) square root (of the unknown collective 
quantity), and the (final) quantity known (to remain), should 
(both) be divided by the product of the fractional (proportional) 
quantities, as subtracted from one (in each case) ; then the first 
known quantity should be added to the (other) known quantity 
(treated as above). Thereafter the operation relating to the 
Semmula variety (of miscellaneous problems on fractions is to be 
adopted). 


47. Algebraically, this rule enables ns to arrive at the expressions 

aj, which are required to 


and 


(1— W.(l—*5) x Ac. (1 — &,) (1- 6 2 > x &c. 
be substituted for c and a respectively in the formula for ic^amula, which is 
> '■ / / c \ 2 >2 


bx : 


t 2' 


V(if~ 


) 


In applying this formula the value of b 


becomes zero, as the mnla . or , square, root involved in the dviragra-s’mmula 
is that of the total collective quantity and not of a fractional part of that 

quantity. Substituting as desired, we get &■= ^ ^ b"y~x~~^o~ + 

\T~. SJ - 

(l — h) X &G.J + ( 1-^60 (l—& 2 ) < Ac. + ai > • This result 
may easily be obtained from the equation x — — b% (x — a.,) — b 2 — crj — b x 

(x — (q) | — . . . . — c V x — a s = 0, where b lf & 2 , Ac., are, the various 

fractional parts of the successive remainders ; and a x and a s are the first known 
quantity and the final known quantity respectively. 


a/ (sir' -i,)l 
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Examples m illustration thereof. 

48. A single bee (out of a swarm of bees) was seen in the sky • 
i of the remainder (of the swarm), and J of the remainder (left 
thereafter), and (again) i of the remainder (left thereafter), and 
(a number of bees equal to) the square root (of the numereial 
value of the swarm, were seen) in lotuses ; and two (bees re- 
maining at last were seen) on a mango tree. How many are 
those (bees in the swarm) ? 

49. Four (out of a collection of) lions were seen on a mountain; 
and fractional parts commencing with > and ending with J- of the 
successive remainders (of the collection), and (lions equivalent in 
number to) twice the square root (of the numerical value of the 
collection), as also (the finally remaining) four (lions), were seen in 
a forest. How many are those (lions in the collection) ? 

50. (Out of a herd of deer) two pairs of young female deer 
were seen in a forest; fractional parts commencing with -J. and 
ending with | of the (successive) remainders (of the herd ' were 
seen) near a mountain ; (a number) of them (equivalent to) 
3 times the square root (of the numerical value of the herd) were 
seen in an extensive paddy field; and (ultimately) only ten 
remained on the bank of a lotus-lake. What is the (numerical) 
measure of the herd ? 

Thus ends the SemnuJa variety involving two known 
quantities. 

The rule relating to the Ammnula variety (of miscellaneous 
problems on fractions). 

51. Write down (the coefficient of) the square root (of the 
given fraction of the unknown collective quantity) and the known 
quantity (ultimately remaining, both of these) having been 


50. The word harhil occurring in this stanza not only means 1 a female tleor ’ 
but is also the name of the metre in which the stanza is composed. 

51 . Algebraically stated, this rule helps us fr> arrive at cb and ab, which are 
required to be substituted for c and b respectively in the formula' a: — bx — 

{ i + yli + a } S » as in the g '^mma variety. As pointed out in the note 
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multiplied h y the (given proportional) fraction ; then that result 
which is arrived at by means of the operation of finding out (the 
unknown quantity) in the Semniila variety (of miscellaneous 
problems on fractions), when divided by the (given proportional) 
fraction, becomes the required quantity in the Ammnulci variety 
(of miscellaneous problems on fractions). 

Another rule relating to the Amkirnula variety. 

52. The known quantity given as the (ultimate) remainder is 
divided by the (given proportional) fraction and multiplied by 
four ; to this the square (of the coefficient) of the square root (of 
the given fraction of the unknown collective quantity) is added; 
then the square root (of this sum), combined with (the above 
mentioned coefficient of) the square root (of the fractional unknown 
quantity), and (then) halved, and (then) squared, and (then) 
multiplied by the (given proportional) fraction, becomes the 
required result. 

Examples in illustration thereof. 

53. Eight times the square root of \ part of the stalk of a lotus 
is within water, and 16 ahgulas (thereof are) in the air (above 
water) ; give out the height of the water (above the bed) as well 
as of the stalk (of the lotus). 

54-55. (Out of a herd of elephants), nine times the square 
root of •§• part of their number, and six times the square root of f 
of the remainder (left thereafter), and (finally) 24 (remaining) 
elephants with their broad temples wetted with the stream of the 
exuding ichor, were seen by me in a forest. How many are 
(all) the elephants ? 


Under stanza 47, x - — bx becomes x here also. After substituting as desired, and 

-> j- -f -Ik This value of 


dividing* the resalt by b, we get % = 4* j^J ( c ^)~ +ub 


x maybe easily arrived at from the equation # — c bx—a = 0. 

/ c 2 + 4 a T 2 


52. Algebraically stated, s 


C+ A / 


L 


the equation given in the note under the previous stanza, 


& f* x b. This is obvious from 
J 
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56. Four times the square root of | the number of a collect ion 
of boars went to a forest wherein tigers were at play ; 8 times the 
square root of T \ r of the remainder (of the collection) went to a 
mountain ; and 9 times the square root of § of the (further') 
remainder (left thereafter) went to the bank of a river; and boars 
equivalent in (numerical) measure to 56 were seen (ultimately) to 
remain (where they were) in the forest. Give out the (numerical) 
measure of (all) those (boars). 

Thus ends the Amktmula variety. 

The rule relating to the Bkagammvarga variety (of miscel- 
laneous problems on fractions) : — 

57. From the (simplified) denominator (of the specified 
compound fractional part of the unknown collective quantity), 
divided by its own (related) numerator (also simplified), subtract 
four times the given known part (of the quantity), then multiply 
this (resulting difference) by that same (simplified) denominator 
(dealt with as above). The square root (of this product) is to be 
added to as well as subtracted from that (same) denominator (so 
dealt with) ; (then) the half (of either) of these (two quantities 
resulting as sum or difference is the unknown) collective quan- 
tity (required to be found out). 

JExamphs in illustration thereof . 

58. A cultivator obtained (first) | of a heap of paddy as mul- 
tiplied by T fr (of that same heap); and (then) he had 24 mlias 
(left in addition). Give out what the measure of the heap is. 

59. One-sixteenth part of a collection of peacocks as multiplied 
by itself, (s\e., by the same T V part of the collection), was found 


56. The word mrdMatikrujita in this stanza means 1 tigers at play,’ and 

at the same time happens to be the name of the metre in whioli the stama is 
composed. :■..■■■ - ^ , 

4 (e )^ 

57. Algebraically stated % — — — ™ . and this value of x may 

easily he obtained from the equation a? — — ^ x where ™ and ■--- are 

n q n $ 

the fractions contemplated in the rule, 

11 
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on a mango tree ; of the remainder as multiplied by that same 
f|- part of that same remainder), as also (the remaining) fourteen 
(peacocks) were found in a grove of tamdla trees. How many are 
they (in all) ? 

t ; 0, One-twelftli part of a pillar, as multiplied by ~J ?r part 
thereof, was to be found under water ; of the remainder, as 
multiplied by thereof, was found (buried) in the mire (below) ; 
and 20 hastas of the pillar were found in the air (above the wafer). 
0 friend, you give out the measure of the length of the pillar. 

Here ends the Bhdgammvarga variety. 

The rule relating to the AMamrga variety (of miscellaneous 
problems on fractions), characterised by the subtraction or addition 
(of known quantities) : — 

61. (Take) the half of the denominator (of the specified frac- 
tional part of the unknown collective quantity), as divided by its 
own (related) numerator, and as increased or diminished by the 
(given) known quantity which is subtracted from or added, to 
(the specified fractional part of the unknown collective quantity). 
The square root of the square of this (resulting quantity), as 
diminished by the square of (the above known) quantity 
to be subtracted or to be added and (also) by the known 
remainder (of the collective quantity), when added to or sub- 
tracted from the square root (of the square quantity mentioned 
above) and then divided by the (specified) fractional part (of the 
unknown collective quantity), gives the (required) value (of the 
unknown collective quantity). 

.Examples of the minus variety . 

62. (A number) of buffaloes (equivalent to) the square of | 
(of the whole herd) minus I is sporting in the forest. The 

61. Algebraically, 

•HV [t ± A ) 2 - 5 2 - a + [k ± H ~r This valDG 

is obtained from the equation x — ^ ~ x ~F ^ j — a = 0, where d is the 
given known quantity. 
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(remaining) 15 (of them) are seen grazing grass on a mountain. 
How many are they (in ail) ? 

63. (A number) of elephants (equivalent to) To of the herd 
minus 2, as multiplied by that same ( T V of the herd minus 2), 
is found playing in a forest of scillaM trees* The (remaining) 
elephants of the herd measurable in number by the square of 6 
are moving on a mountain. How many (together) are (all) 
these elephants here ? 

An example of the plus variety . 

64 (A number of peacocks equivalent to) ^ of their whole 
collection plus 2, multiplied by that same (j\ of the collection 
plus 2), are playing on a fambu tree. The other (remaining) 
proud peacocks (of the collection), numbering 2 2 x 5, are playing 
on a mango tree. 0 friend, give out the numerical measure of 
(all) these (peacocks in the collection). 

Here ends the Ammvarga variety characterised by pins or 
minus quantities. 

The rule relating to the Mulmmsra variety (of miscellaneous 
problems on fractions). 

65. To the square of the (known) combined sum (of the square 
roots of the specified unknown, quantities), the (given) mmus 
quantity is added, or the (given) plus quantity is subtracted 
(therefrom); (then) the quantity (thus resulting) is divided by 
twice the combined sum (referred to above) ; (this) when squared 
gives rise to the required value (of the unknown collection). In 
relation to the working out of the Muiamisra variety of problems, 
this is the rule of operation. 


64 The word mattamayura occurring in the stanza means i a .prond peacock-* 
and is also the name of the metre in which the stanza is composed. 

65. Algebraically x = £ j . This is easily derived from the equa- 

tion 4* V d — m. The quantity m is here the known combined sum 
mentioned in the rule. 
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Examples of the minus variety . 

66. On adding together (a number of pigeons equivalent to) 
the square root of the (whole) collection of pigeons and (another 
number equivalent to) the square root of the (whole) collection as 
diminished by 12, (exactly) 6 pigeons are seen (to be the result). 
What is (the numerical value of) that collection (of pigeons) ? 

67. The sum of two (quantities, which are respectively 
equivalent to the) square roots of the (whole) collection of pigeons 
and of (tbat same) collection as diminished by the cube of 4, 
amounts to 16. How many are the buds in that collection ? 

An example of the plus variety. 

68. The sum of the two (quantities, which are respectively 
equivalent to the) square root (of the numerical value) of a collec- 
tion of superior swans and (the square root of that same collection) 
aa combined with 68, amounts to 6 2 — 2. Give out how many 
swans there are in that collection. 

Here ends the Mulamisra variety. 

The rule relating to the BkinnadrMja variety (of miscellaneous 
problems on fractions) : — 

69. When one, diminished by the (given) fractional remainder 
(related to the unknown quantity), is divided by the product of 
the (specified) fractional parts (related thereto), the result which 
is (thus) arrived at becomes the (required) answer in working out 
the Bhimiadriya variety (of problems on fractions). 

Examples in illustration thereof. 

70. One-eighth part of a pillar, as multiplied by the part 
(of that same pillar), was found (to be buried) in the sands ; of 
the pillar was visible (above). Say how much the (vertically 
measured) length of the pillar is. 


GO. Algebraically stated, x 


This is obvious from tins 


equation 
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71. (Elephants equivalent in number to) part of the 
whole herd of elephants, as multiplied by } (of that same herd) 
as divided by 2, are in a happy condition on a plain. The remain- 
ing- (ones forming) (of the herd), resembling exceedingly dark 
masses of clouds in form, are playing on a mountain. 0 friend, 
you tell me now the numerical measure of the herd of elephants. 

72. (Ascetics equivalent in number to) f- s part of a collection 
of ascetics, as divided by 3 and as multiplied by that same 
, , } « part divided by 3), are. living in the interior of a, forest ; (the 
remaining ones forming) A part (of that collection) are living 
on a mountain. 0 you, who have crossed over to the other shore 
of the ocean-like miscellaneous problems on fractions, tell me 
quickly the (numerical) value of that (collection of ascetics). 

Here ends the Bhinnadriya variety . 

Thus ends the third subject of treatment known as 
Pralnrnaka in Sarasangraha which is a work on 
arithmetic by Mahaviraca^^ ^ r 

71. The word prthvl QG^nwing in this stanza means £ the earth ’, and is also 
the name of the metre in which the stanza is composed. . / ■ • 
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CHAPTER V. 

RULE-OF-THREE. 

The fourth subject of treatment* 

1. Salutation to that blessed Vardhamana, who is like a 
(helpful) relation to (all) the three worlds, and is (resplendent) 
like the sun in the matter of absolute knowledge, and has east o if 
(the taint of) all the karmas. 

Next we shall expound the fourth subject of treatment, viz., 
rule-of-three. 

The rule of operation in respect thereof is as follows : — 

2. Here, in the rule-of-three, Phala multiplied by Icchd and 
divided by Pramana , becomes the (required) answer, when the 
Icchd and the Pramana are similar, (?'.<?., in direct proportion) ; and 
in the ease of this (proportion) being inverse, this operation 
(involving multiplication and division) is reversed, (so as to have 
division in the place of multiplication and multiplication in the 
place of division). 

Examples relating to the former half of the above rule , i.e., 
on the direct rule-of-three . 

3. The man who in days goes over 5| y of anas — give out 
what (distance) he (goes over) in a year and a day. 

4. A lame man walks over \ of a krom together with j- (there- 
of) in 7.} days. Say what (distance) he (goes over) in 3} years 
(at this rate). 

5. A worm goes in } of a day over J of an a/hgula . In how many 
days will it reach the top of the Meru mountain from its bottom ? 

G. The man who in 3^ days uses up 1| kdrmpanas— in what 
time (will) he (use up) 100 pur anas along with 1 panel ? 

2. Pramana and Phala together give the rate, in which Phala is a quantity 
of the same kind as the required answer and Pramana is of the same kind as Icchd. 
This Icchd is the quantity about which something is required to be found out at 
the given rate. For instance in the problem in stanza 3 here, 3f days is the 
Pramana , 5* ydjanas is the Phata^ and 1 year and 1 day is the Icchd. 

5. The height of %e : ;. Mm ' mountain- is supposed to be 99,000 ydjanas or 
76 , 032 , 000,000 mnjulaa. 
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7. A good piece of krsmgwu, 12 hastas in length and 3 hastas 
in diameter, is consumed (at the rate of) 1 cubic angufa a day. 
W-hat is the time required for the (complete) consumption of this 
cylinder? 

S. (If) a vdha of very superior black gram, along with 1 drona . 
1 adhaka and 1 kudava (thereof), has been purchased by means of 
10J svarnas 9 what measure (may we purchase of it) by means of 
1. 00 i- srnrms ? 

9. Where 1|- pah of kunkuma is obtainable by means of 3J 
purdnas , what measure (of it) may (we obtain) there by means 
of 100 pur amts ? 

10. By means of Ik .palm of ginger, 13k papas were obtained ; 
say, 0 friend, what (may be obtained) in return for 32k palm 
of ginger ? 

11. By means of 4^ kdrmpanas, a man obtains 16J palas of 
silver; what (weight does he obtain thereof) by means of 10,000 
harms ? 

12. By means of 7f palas of camphor, a man obtains 5 dmdras 
along with 1 bhdga , 1 amsa and 1 kald. What (does he obtain) 
here by means of 1,000 palas (thereof) ? 

13. The man who purchases here 5J palas of ghee by means 
of 3-1 papas — what (measure of it does he purchase) by means of 
100-1 bursas ? 

14. By means of 5-|~ purdnas , 16| pairs of cloths were obtained. 
0 friend, say what (number of them may be obtained) by means 
of 61 karsas ? 


15-16. There is a square well without water, (cubically) 
measuring 512 hastas. A hill rises on its bank; from the top 



7. Here the process of finding: out, from the given diameter, the area of the 
cross-section of a cylinder is supposed to be known. This is given in the sixth. 
Tyavahdra, in the 19th stanza, where the area of a circle is said to be approxi- 
mately equal to the diameter squared and then divided by 4 and multiplied by 3, 
Krsnilgaru is a kind of fragrant wood burnt in fire as incense. 

15-16. In this 'problem, the stream of water is as long as the mountain 
is high, so that as soon as it reaches the bottom of the mountain, it is supposed 
to cease to flow at the summit. For finding out the quantity of water in Yah as, 
etc,, the relation between cubical measure and liquid measure should ha ve been 
given. The Sanskrit commentary in P and the Kanarese tIM in B state that 
1 cubic angula of water is equal to 1 l' arm thereof in liquid measure. 
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thereof flows down, (to tlic bottom) a crystal-clear stream of water 
having 1 angula for the diameter of its circular section, and the 
well becomes quite filled with water within. What is the height 
of the hill, and (what) the numerical value (of the liquid-measure) 

of water ? 

17. A king gave, on (the occasion of) the sankrdnti, to 6 
Brahmins, 2 droncts of kidney-beau, 9 kudabaz of ghee, 6 dronas oi 
rice, 8 pairs of cloths, 6 cows with calves and 3 warms. Give 
out quickly, 0 friend, what (the measure) is (of) the kidney-bean 
and the other tilings given by him (at that rate) to 336 Brahmins. 


17. Sankrdn ti is the passage of the sun from one zodiacal sign to another. 

18. Pure gold is here taken to be of id vary as. 

> rjvj 10 re f eren.ee here is to the fourth quarter of the second stanza in this 
chapter. 
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An example on inverse quadruple rule-of-tknee . 

22. There is a block of stone (suited for building purposes), 
which measures 6 hastas in breadth, 30 hastas in length and 8 
hastas in height, and (it is) 9 in worth. By means of this (given 
in exchange), how many (blocks) of such stone, ht to be used in 
building a Jina temple, (may be obtained, each) measuring- 2 by 
6 by 1 (hastas), and being 5 in worth? 

Thus ends the inverse double, treble and quadruple rule-of- 
three. 

The rule in regard to (problems bearing on associated) forward 
and backward movement. 

23. W rite down the net daily movement, as derived from the 
difference of (the given rates of) forward and backward movements, 
each (of these rates) being (first) divided by its own (specified) 
time; and then in relation to this (net daily movement), carry 
out the operation of the rule-of-three. 

Examples in illustration thereof \ 

24-25. In the course of of a day, a ship goes over of a 
hrosa in the ocean ; being opposed by the wind she goes back 
(during the same time) l~ of a hrosa. Give out, 0 you who have 
powerful arms in crossing over the ocean of numbers well, in what 
time that (ship) will have gone over 99f y 6 jams. 

26. A man earning (at the rate of) 1\ of a gold coin in. 31- 
days, spends in 4| days \ of the gold coin as also $■ of that (\) 
itself ; by what time will he own 70 (of those gold coins as his net 
earnings) ? 

27. That excellent elephant, which, with temples that are 
attacked by the feet of bees greedy of the (flowing) ichor, goes 
over ■} as well as J of a yojana in 5|- days, and moves back in 31- 
days over f of a hrosa : say in what time he will have gone over 
(a net distance of) 100 yojanas less by hroia. . 

28-30. A well completely filled with water is 10 dandas m 
depth; a lotus sprouting up therein grows from the bottom 

28-30. The ‘depth’ of the well is mentioned jin the original as * height ' 
measured from the bottom o£ it. 

12 



When the Phala hor-e, viz., .60 panas i is transferred to the other row we have- 
9 Mams. j ,1 Vdha .+. 1 Kumbha 
3 Yojanas. 


1J Vdha . 

10 Yojanas . 

60 Tanas . 

How the right hand row, consisting of a larger number of different quantities, 
should be, after they are all multiplied together, divided by the smaller left 
hand row similarly dealt with. 

Then we have 

1} x 10 x 60 
9 x 3 

The result here gives the number of fanas to be found out. 


(at the rate of) 2£ angulas in a day and half ; the water (thereof) 
flows out through a pump .(at the rate of) 2-J- angulas fof the well 
in depth) in 1J days ; cmgulas of water (in depth) are lost in a 
day hy evaporation owing to the (heating) rays of the sun ; a 
tortoise ' below pulls down angulas of the stalk of the lotns 
plant in 3| days. By what time will the lotus be on the same 
level with the water (in the well) ? 

31. A powerful unvanquished excellent black snake, which is 
32 hastas in length, enters into a hole (at the rate of) 7-|- angulas 
in j b j of a day ; and in the course of J of a day its tail grows by 
2 1 of an angula. O ornament of arithmeticians, tell me by what 
time this same (serpent) enters fully into the hole. 

Thus end the (problems bearing on associated) forward and 
backward movements. 

The rule of operation relating to double, treble and quadruple 
rule-of-tkree. 

32. Transpose the Phala from its own place to the other place 
(wherein a similar concrete quantity would occur) ; (then, for the 
purpose of arriving at the required result), the row consisting of 
the larger number (of different quantities) should be, (after they 
are all multiplied together), divided by the row consisting of the 


32. The transference of the Phala and the other operations herein mentioned 
will be clear from the following worked out example. 

The data in the problem in stanza Ho. 36 are to be first represented thus : — 


9 Mams. 

3 Yojanas. 
60 Panas . 


1 Vdha + 1 Kumbha. 
10 Yojanas. 


GAHITASAKASANGRAHA. 
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smaller number (of different quantities, after these are also 
similarly thrown together and multiplied) ; but in the matter of 
the buying and selling of living animals (the transposition is to 
take place) only (in relation to the numbers representing) them. 


Examples in illustration thereof , 

S3. At the rate of 2, 3 and 4 per cent, (per month), 50, 60 
and 70 Puranas were (respectively) put to interest by a person 
desiring profit. How much interest does he obtain in ten 
months ? 

34. The interest on 80-J- gold coins for of a month is 1|*. 
How much (will it he) on 90f gold coins for 5f months? 

35. He who obtains 20 gems in return for 100 gold pieces of 16 
varnas — what (will he obtain) in return for 288 gold pieces of 
10 varnas? 

36. A man, by carrying 9 mams of wheat over 3 yojanas , 
obtained 60 panas. How much (would he obtain) by carrying 
one Imnbha along with one vdha (thereof) over 10 yojanas? 


Examples on barter , J vllSSif 

37. A man obtains 3 karsas of musk for iO gold coins and 
2 karsas of camphor for 8 gold coins. How many (karsas of 
camphor does he obtain) in return for 300 karsas of musk ? 

38. In return for 8 {mdsas in weight of silver;, a man 
obtains 60 jack fruits ; and in return for 10 mdsas (in weight of 
silver he obtains) 80 pomegranates. How many pomegranates 
(does he obtain) in return for 900 jack fruits ? 


Examples of ( problems bearing on) the buying and selling 
of animals. 

39. Twenty horses, (each) of 16 years (of age), are worth 
100,000 gold coins. O leading arithmetician, say how much 70 
horses, (each) of 10 years (of age), will be (worth) at this (rate). 

40. Three hundred gold coins form the price of 9 damsels, 
(each) of 10 years (of age). What is the price of 36 damsels? (each) 
of 16 years (of age) ? 


02 GANITASABASAFGRAHA. 

41. What is the interest for 10 months on 90, invested at the 

rate of 6 per 100 (per month) ? 0 you, who are a mirror to the 

face of arithmeticians, say, with the aid of the two (other requisite) 
known quantities, what the time in relation to that (interest) is, 
and what the capital is (in relation to that interest and time). 

An example on treble rule-of -three. 

42. Two pieces of sandal-wood, measuring 8 and 4 hastas m 
diameter and length respectively, are worth 8 gold coins. At this 
(rate) how much will he the worth of 14 (pieces of sandal-wood, 
each) measuring 6 and 9 .Juntas in diameter and length (respect- 

ively) ? 

Thus ends treble rnle-of-tliree. 

An example on quadruple rule-of -three. 

43. A household well, measuring 5, 8 and 3 hastas m breadth, 
length and height (from the bottom, respectively), contain 6 mhos 
of water ; 0 yon, who are learned, give out how much (water) 9 
wells, (each being) 7 hastas in breadth, 60 in length and 5 m 
height (from the bottom, will contain). 

Thus ends the fourth subject of treatment known, 
as Rule-of-three in Sarasangraha which is a work on 
arithmetic hy Mahaviracarya. 


43. The word HUM occurring in this stanza indicates the name of the metre 
in which the stanza is composed, at the same time that it means ‘ belonging to a 
house. * 



1 Tlrtha is interpreted to mean a ford intended to cross the river of mundane 
existence which is subject to karma and reincarnation. The Jinas are conceived 
to be capable of enabling the souls of men to get out. of the stream of scimMra 
or the recurring cycle of embodied existence. The Jinas are therefore called 
■ tlrthankards. ";V:. ■ d ' : V V: '" ; 

2. Algebraically the smkramana of any two quantities a and b is Reding 

out a ~tf and « their v i$am a -sunkramana is arriving at ^ + b , 


MIXED PEOBLEMS. 

The Fifth Subject of Treatment, 

1. For attaining the supreme good, we worshipfully salute the 
holy Jinas, who are in possession of the fourfold infinite attributes, 
who are the makers of tlrtlms^ who have attained self-conquest, are 
pure, are honoured in all the three worlds and are also excellent 
preceptors— the Jinas who have gone over to the (other) shore of 
the ocean of the Jaina doctrines, and are the guides and teachers 
of (all) born beings, and who, being the abode of all good 
qualities, are good in themselves and do good to others. 

Hereafter we shall expound the fifth subject of treatment 
known as mixed problems. It is as follows : — 

Statement of the meaning of the technical terms mnkramana 
and visama-mnkramana : — 

2. Those who have gone to the end of the ocean of calculation 
say that the halving of the sum and of the difference (of any two 
quantities) is (known as) sahkramma , and that the sankramma of 
tsvo quantities which are (respectively) the divisor and the quotient 
is that which is visama (ie., v isam a • san hramana ) . 

Examp les in illustration thereof \ 

3. What is the sanhramam where the number 12 (is associated) 
with 2; and what is the divisional visama-sah hramana of that 
(same) number (12 in relation to 2) ? 
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Double Rule-of-tbree. 

The rule for arriving at (the value of) the interest which 
(operation) is of the nature of double rule-of -three : 

4. The number representing the Iccha , t.e. : the amount the 
interest whereon is desired to be found out, is multiplied by the 
time connected with itself and is then multiplied by (the number 
representing) the (given) rate of interest for the given capital ; 
(then the resulting product) is divided by the time and the capital 
quantity (connected with the rate of interest) ; this (quotient) is, 
in arithmetic, the interest of the desired amount. 

Examples In illustration thereof. . 

5. Purdnas , 50, 60, and 70 (in amount) were lent out on 
interest at the rate of 3, 5 and 6 per cent (per mensem respect- 
ively) ; what is the interest for 6 months ? 

6. (A sum of) 30 karsdpanas and 8 panas were lent ont on 
interest at the rate of 7 i per cent (per month) ; what is the 
interest produced in exactly 7-| months ? 

7. The interest on 60 for 2 months is seen to he 5 purdnas 
with 3 panas ; what would he the interest on 100 for 1 year? 

8. The interest for 1 month and a half on lending out 150 
is 15. What would be the interest obtained at this rate on 300 
for 10 months ? 

9. A merchant lent out 63 kdrsdpana s at the rate of 8 for 108 
(per month). What (is the interest) for 7} months ?• 

The rule for finding out the capital lent ont: — 

10. The capital quantity (involved in the rate of interest) is 
multiplied by the time connected with itself and is then divided 


4. Symbolically i = where T , C and I are respectively the time, 

capital and interest of the. pramana or the rate, and t, c and i are respectively 
the time, capital and interest oi the iccha. For an explanation ot pramana, 
iccha, see note under Ch. V. 2. 

5. Unless otherwise mentioned, the rate of interest is for 1 month. 

„ CxTxi 

XO. Symbolically - Jxi = c* 



14, Symbolically, 


by the interest connected with itself. (Then) this (quotient) has 
to be divided bj the time connected with the capita! lent out; 
(this last) quotient when multiplied by the interest (that has 
accrued) becomes the capital giving rise to that (interest). 

JE&cmiples in illustration thereo f, 

11* In lending out at the rate of 2} per cent (per mensem), a 
month and a half (is the time for which interest has accrued), and 
a certain person thus obtains 5 purdnas as the interest. Tell me 
what the capital is in relation to that (interest). 

12. The interest on 70 for 1} months is exactly 2|-. When 
the interest is 2-J for 1\ months what is the capital lent out? 

18. In lending out at the rates of 3, 5 and 6 per cent (per 
mensem), the interest has so accrued in 6 months as to he 9, 18 
and 25} (respectively) ; what are the capital amounts lent out? 

The rule for finding out the time (during which interest 
has accrued) : — " |fl| 

14. Take the capital amount (involved in the given rate of 
interest) as multiplied by the time (connected therewith); then 
cause this to be divided by its own (connected) rate-interest and 
by the capital lent out ; then this (quotient) here is multiplied by 
the interest that has accrued on the capital lent out. Wise men 
say that the resulting (product) is the time (for which the interest 
has accrued). 

Examples in illustration thereof. 

15* 0 friend, mention, after calculating the time, by what 
time 28 will be obtained as interest on .80, lent out at the rate of 

per cent (per mensem). 

18. The capital amount lent out at the rate of 20 per 600 (per 
mensem) is 420, The interest also is 84. O friend, you tell 
me quickly the time (for which the interest has accrued). 
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17. It is 96 that is lent out at the rate of 6 per cent (per 
mensem); the interest thereon is seen to he 5 eg-. What is the 
time (for which interest has accrued ) ? 

The rule regarding barter or exchange of commodities 

18. 1 he quantity of the commodity taken in exchange is 
divided by its own price as well as by the quantity ox the commo- 
dity given in exchange. (It is then) multiplied by the price 
of the commodity given in exchange, and thereafter multiplied 
by the quantity of the commodity intended to be exchanged. This 
(resulting) product is the required quantity corresponding to the 
prices of the commodity given in exchange as well as of the 
commodity taken in exchange. 

An example in illustration thereof. 

19 and 20. Palas 8 of dried ginger were purchased for 
panas and palas 5 of long pepper for S§ panas. Think out and 
tell me quickly, 0 you who know arithmetic, how many palas 
of long pepper have been purchased by one (at the above rate) by 
means of 80 palas of dried ginger. 

Thus end the problems on double mle-of-three in this chapter 
on mixed problems. 


Problems bearing on interest. 

Next, in the chapter on mixed problems, we shall expound 
problems bearing on interest. 

The rule for the separation of the capital and interest from 
their mixed sum : — 

21, The result arrived at by carrying out the operation of 
division in relation to the given mixed sum of capital and interest 


21. Symbolically, c = — — T ' AtP V wkere m ^ c + * 5 1)63100 * = m “ c * 
1 + 
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by means of one, to which the interest thereon for the (given) time 
is added, (happens to be the required) capital ; and the interest 
required is the combined sum minus this capital. 

An example in illustration thereof 

22. If one lends out money at the rate of 5 per cent (per 
month), the combined sum of interest and capital becomes 48 
in 12 months. What are the capital and the interest therein P 

Again another rule for the separation of the capital and the 
interest from their combined sum : — 

28. The product of the given time and the rate-interest, 
divided by the rate-time and the rate-capital and then combined 
with one , is the divisor of the combined sum of the capital and 
interest ; the resulting quotient has to be understood as the 
(required) capital. 

An example in illustration thereof. 

24. Having given out on interest some money at the rate of 
2| per cent (per mensem), one obtains 33 in 4 months as 
the combined sum (of the capital and the interest). What may 
be the capital (therein) ? 

The rule for the separation of the time and the interest from 
their combined sum : — 

25. Take the rate-capital multiplied by the rate-time and 
divided by the rate-interest and by the given capital, and then 
combine this (resulting quantity) with one; then the quotient 
obtained by dividing the combined sum (of the time and interest) 
by this (resulting sum) indeed becomes the (required) interest. 

Examples in illustration thereof. 

26. Money amounting to 60 exactly was lent out at the rate 
of 5 per cent (per month) by one desirous of obtaining interest. , 

+ 1 [ . It is evident that this is very 

much the same as the formula given under 21. 

rCxT i 

25. Symbolically i~m \ + 1 j = i, where m = % + t. 

13 
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The time (for which the interest has accrued) combined with the 
interest therefor is 20. What is the time here P 

27. The capital put to interest at the rate of 1J per 70 J (per 
mensem) is 705. The mixed sum of its time and interest is 80. 
(What is the value of the time and of the interest ?) 

28. The capital put to interest at the rate of 3f per 80 for 
2| months is 400. and the mixed sum of time and interest is 36. 
(What is the time and what the interest ?) 

The rule for arriving at the separation of the capital and the 
time of interest from their mixed sum : — 

29. From the square of the given mixed sum (of the capital 
and the time), the rate-capital divided by its rate-interest and 
multiplied by the rate-time and by four times the given interest 
is to be subtracted. The square root of this (resulting remainder) 
is then used in relation to the given mixed sum so as to carry out 
the process of sankramana . 

Examples in illustration thereof \ 

30. This, viz., 4 P nr anas is the interest on 70 (per month). The 
interest (obtained on the whole) is 25. The mixed sum (of the 
capital used and the time of interest) is 45|. What is the capital 
lent out? 

31. By lending out what capital for what time at the rate of 3 
per 60 (per mensem) would a man obtain 18 as interest, 66 being 
the mixed sum of that time and that capital ? 

32. It has been ascertained that the interest for 1J months on 
60 is only 2J. The interest here (in the given instance) is 24, and 


hj x 4 

29. Symbolically, — — = c or t as the case may be, 

2 

where m,= c + t. 

The value of the quantity under the root, as given in the rule, is (c — t ) 2 ; 
and the square root of this and the miira have the operation of sahhramam 
performed, in relation to them. 

For the explanation of sanlcramafa see Ch, YI. 2. 
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60 Is (the value of) the time combined with the capital lent out. 
( What is the time and what the capital P) 

The rule for arriving at the separation of the rate-interest and 
the required time from their sum : — 

83. The rate-capital is multiplied by its own. rate-time, by. the 
given interest and by four, and is then divided by the other 
(that is, the given) capital. The square root of the remainder 
(obtained by subtracting this resulting quotient) from the square 
of the given mixed sum is then used in relation to the mixed sum 
so as to carry out the process of mnkramam. 

An example in illustration thereof \ 

34. The mixed sum of the rate-interest and of the time (for 
which interest has accrued) at the rate of the quantity to be found 
out per 100 per month and a half is l.2|, the capital lent out 
being 30 and the interest accruing thereon being 5. (What is 
the rate of interest and what the time for which it has accrued ?) 

The rule for arriving separately at the capital, time, and the 
interest from their mixed sum : — 

35. Any (optionally chosen) quantity subtracted from the given, 
mixed sum may happen to be the time required. By means of the 
interest on one for that same time, to which interest one is added, 
(the quantity remaining after the optionally chosen time is sub- 
tracted from the given mixed sum) is to he divided. (The 
resulting quotient) is the required capital. The mixed sum 
diminished by its own corresponding time and capital becomes 
the (required) interest. 

An example in illustration thereof 

86. In a loan transaction at the rate of 5 per cent (per mensem), 
the quantities representing the time, the capital and the interest 

/ C x T x i x 4 

33. Symbolically* v/ m 2 is used with m in carrying* out 

* c 

the required $anhramo.na, m being equal to 1 + #. 

35. Here, of the three unknown quantities, the value of the time is to he 
optionally chosen, and the other two quantities are arrived at in accordance with 
rule in Oh. VI. 21. 



87. Symbolically, — 

Cj. ti + 0 2 t s +-Cgti3 + 

, Co to m 

and — ■ -- - - - — 

Cl % + Gg tig + C3 ti3 + . 

. and Ci, e 3 , C 3 , etc., are the ■various capitals, and ti, t 2 , 
periods of time. 

89. Symbolically, . * — x -~ 


i 2 : ■where m — u + . . 

are the various 


where m=soi 4- c 2 •*■ e 3 + 
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(connected with the loan) are not known. Their sum however is 
82. What is the capital, what is the time, and what the interest F 


The rule for arriving separately at the various amounts of 
interest accruing on various capitals for various periods of time 
from the mixed sum of (those) amounts of interest : — 

37. Let each capital amount, multiplied by the (corresponding) 
time and multiplied (also) by the (given) total (of the various 
amounts) of interest, be separately divided by the sum of the 
products obtained by multiplying each of tbe capital amounts by 
its corresponding time, and let the interest (of the capital so dealt 
with) be (thus) declared. 

An example in illustration thereof . 

38. In this (problem), the (given) capitals are 40, 30, 20 and 
50; and the months are 5, 4, 3 and 6 (respectively). The sum of 
the amounts of interest is 34. (Find out each of these amounts.) 

The rule for separating the various capital amounts from their 
mixed sum : — 

39. Let the quantity representing the mixed sum of the various 
capitals lent out be divided by the sum of those (quotients) which 
are obtained by dividing the various amounts of interest by their 
corresponding periods of time, and let the (resulting) quotient he 
multiplied (respectively) by (the various) quotients obtained by 


CHAFTEB VI — MIXED PROBLEMS. 


101 


dividing the various amounts of interest by their corresponding 
periods of time. Thus the various eapital amounts happen to he 
found out. 

Examples in illustration thereof \ 

40 . (Sums represented by) 10, 6, 3 and 15 are the (various 
given) amounts of interest, and 5, 4, 3 and 6 are the (correspond- 
ing) months (for which those amounts of interest have accrued) ; 
the mixed sum of the (corresponding) capital amounts is seen 
to be 140 . (Find out these capital amounts.) 

41. The (various) amounts of interest are f, 6, 10 |, 16 and 30 ; 
(the corresponding periods of time are) 5, 6, 7, 8 and 10 months ; 
80 is the mixed sum (of the various eapital amounts lent out. 
What are these amounts respectively F) 

The rule for arriving separately at the various periods of time 
from their given mixed sum : — 

42. Let the quantity representing the mixed sum of the 
(various) periods of time he divided by the sum of those (various 
quotients) obtained by dividing the various amounts of interest by 
their corresponding capital amounts ; and (then) let the (result- 
ing) quotient be multiplied (separately by each of the above- 
mentioned quotients). (Thus) the (various) periods of time 
happen to be found out. 

An example in illustration thereof. 

43. Here, (in this problem,) the (given) capital amounts are 
40, 30, 20 and 50 ; and 10, 6, 3 and 15 are the (corresponding) 
amounts of interest ; 18 is the quantity representing the mixed 
sum of the (respective) periods of time (for which interest has 
accrued. Find out these periods of time separately). 


42. Symbolically,— 


C\ c?2 

Similarly t 3 , etc., may be found out* 


Cl 


: ti, where m = t 3 + t 2 «f fcj-f* &e. 
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The rule for arriving separately at the rate-interest of the rate- 
capital from the quantity representing the mixed sum obtained 
by adding together the capital amount lent out, which is itself 
equal to the rate-interest, and the interest on such capital lent 
out : — 

44. The rate-capital as multiplied by the rate-time is divided 
by the other time (for 'which interest has accrued) ; the square root 
of this (resulting quotient) as multiplied by the (given) mixed 
sum once, and (then) as combined with the square of half of that 
(above-mentioned) quotient, when diminished by the half of this 
(same) quotient, becomes the (required) rate-interest (which is also 
equal to the capital lent out). 



'Emmyples in illustration thereof 1 

45. The rate-interest per 100 per 4 months is unknown. That 
(unknowni quantity) is the capital lent out ; this, w-hen combined 
■with its own interest, happens to be 12; and 25 months is the time 
for (which) this (interest has accrued. Find out the rate-interest 
equal to the capital lent out). 

46. The rate-interest per 80 per 3 months is unknown ; 7f is 
the mixed sum of that (unknown quantity taken as the) capital lent 
out and of the interest thereon for 1 year. What is the capital 
here and what the interest ? 

The rule for separating the capital, which is of the same value 
in all eases, and the interest (thereon for varying periods of time), 
from their mixed sum * 

47. Know that, when the difference between (any two of) the 
(given) mixed sums as multiplied by each other’s period * (of 


44?, Symbolically, 
47. Symbolically. 


r , J / 0 T \ 2 

N p-xm + i jj) ~ 


0 T 


2 t 


= I w hi eii is equal to c. 


m\ f'i 


h h 

# By “ the period of interest ” here is meant the time for which interest has 
accrued in connection with any of the giyen mixed sums of capital and interest. 
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interest) is divided by the difference between those periods, what 
happens to be the quotient is the required capital in relation to 
(all) those (given mixed sums). 

Examples in illustration thereof. 

48. The. mixed sums are 50, 58 and 06, and the months 
(during which interest has accrued respectively) are 5 . 7 and 9 . 
Find out what the interest is (in each ease). 

49 and 50. 0 arithmetician, a certain man paid out to 4 
persons 30, 31f, 33 1 and 35, (these) being the mixed sums (of the 
same capital and the interest due thereon) at the end of 3 , 4 5 
and 6 months (respectively). Tell me quickly, what may be the 
capital here ? 

The rule for separating the capital, which is of the same value 
in all cases, and the time (during which interest has accrued), from 
their mixed sum : — 

51. Wise men say that that is the (required) capital, which is 
obtained as the quotient of the difference between (any two of) the 
(given) mixed sums as multiplied by each other’s interest, when 
this l difference) is divided by the difference between the (two 
chosen) amounts of interest. 

'Examples in illustration thereof, 

52. The (given) mixed sums of the capital and the periods of 

interest are 21 , 23 and 25 5 here, (in this problem,) the amounts 
of interest are b, 10 and 14. What may be the capital of equal 
value here ? ' : 

53. The (given) mixed sums are 35, 37 and 39 ; and the amounts 
of interest are 20 , 23 and 36. (What is the common capital ?) 


K1 « i t* H kP ij 

oi. Symbolically, — -~~t = c, where m*, m 2i etc., are the various misras 

' *i H 

or mixed sums. 
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The rule for arriving at the capital dealt out at two different 
rates of interest : — 

54. Let the balance quantity (a.e., the difference between the 
two amounts of interest,) be divided by the difference between 
those (two quantities) which forxrfthe interest on one for the given 
periods of time ; (this quotient) becomes the capital thought of by 
one’s self before. 

Examples in illustration thereof . 

55. Borrowing at the rate of 6 percent, and then lending out 
at the rate of 9 per cent, one obtains in the way of the differential 
gain 81 duly at the end of 3 months. What is the capital 
(utilized here) ? 

56. Borrowed at the rate of 3 per cent per mensem, a certain 
capital amount is put out to interest at the rate of 8 per cent per 
mensem. The differential gain is 80 at the end of 2 months. 
How much is the capital (so used) ? 

The rule for arriving at the time when both capital and interest 
will become paid up (by instalments) : — 

57. The capital lent out is multiplied by its time (of , instal- 
ment) and is again multiplied by the rate-interest ; this product, 
when divided by the rate-capital and the rate-time, becomes the 
interest in relation to the instalment. The capital (in the instal- 
ment) and the time (of discharge of the debt are to be made out) 
as before from (this) interest. 

Examples in illustration thereof , 

58. The rate of interest is 5 for 70 per mensem ; the (amount of 
the) instalment to be paid is 18 in (every) 2 months ; the capital 
lent out is 84. W hat is the time of discharge ? 


54. Symbolically, - — — - — ~ — ~ , = c. 

IXtiXjj lxt 2 XJo 

t 2 x c/ ' 

c x p X I 

o/. Symbolically, — c~x~T — ' ^ interest in the instalment, where p is the 
time of each instalment. 




The rule for separating various capital amounts, on which the 
same interest has accrued, from their mixed sum : — 

60. Let the (given) mixed stun multiplied by the time (given) 
in relation to it be divided by the sum of that quantity, wherein are 
combined the various rate-capitals as multiplied by their respective 
rate- times and as divided by their respective rate-interests. The 
interest (is thus arrived at) ; and (from this) the capital amounts 
are arrived at as before. 

Examples in illustration thereof . 

61. The mixed sum (of the capital amounts lent out) at the 
rates of 2, 6 and 4 per cent per mensem is 4,400. Here the 
capital amounts are such as have equal amounts of interest accruing 
after 2 months. What (are the capital amounts lent, and what is 
the equal interest) ? 

62. An amount represented (on the whole) by 1,900 was lent 
out at the rates of 8 per cent, 5 per 70, and 3| per 60 (per mensem) ; 
the interest (accrued) in 3 months (on the various lent parts of 
this capital amount) is the same (in each case). ("What are these 
amounts lent out and what is the interest ?) 

The rule for arriving at the lent out capital in relation to the 
known time of discharge by instalments 

63. Let the amount of the instalment as divided by the time 
thereof and as multiplied by the time of discharge be divided by 

t»0. Symbolically, *■— — m - A — — — = i ; from this, the capitals 

+ ziJLh + &c. 

h ^ : h ' - Y 

are found out by the rnle in Ch. VI. 10. 

...fj 

OS. Symbolically, — = where $ = amount of instalment, 

1x4x1 

: 1 + T7c" : ; 

p=2s the time of an instalment, ami t = the time of discharge. 

; ■ : h, ' 14 
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59. The monthly interest on 60 is exactly 5. The capital 
lent out is 35 ; the (amount of the) instalment (to be paid) is 15 
in (every) 3 months. What is the time (of discharge) of that 
(debt) ? 
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that interest on one for the time of discharge to which one is 
added ; the capital lent out is (thus arrived at). 

Example s in illustration thereof, 

64. In accordance with the rate of 5 per cent (per mensem), 2 
months is the time for each instalment ; and paying the instalment 
of 8 (on each occasion), a man here became free (from debt) in 
60 months. What is the capital (borrowed by him) ? 

65. A certain person gives once in 12 days an instalment of 
2f, the rate of interest being d per cent (per mensem). What is 
the capital amount of the debt discharged in 10 months? 

The rule for arriving separately at the various capital-amounts 
which, when combined with or diminished by their respective 
interests, are equal to one another, from their mixed sum, (the 
interests being either added to the capital amounts in all the given 
eases or subtracted from them similarly in all the given cases) : — 

66. One is to be either combined with or diminished by the 
interest (accruing) thereon for the (given) period of time (in each 
ease m accordance with the respectively given rate of interest; 
then again in each case,) one is divided respectively by these 
(combined or diminished quantities arrived at as before). There- 
after the (given) mixed sum (of the various capital amounts lent 
out) is divided by the sum of these (resulting quotients), and in 
relation to the mixed sum (so treated) the process of multipli- 
cation is to be conducted (separately in each ease by multiplying 
it) by (the corresponding) proportionate part (of the above- 
mentioned sum of the quotients). This gives rise to the capital 


66. Symbolically, 
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amounts lent out, which on being combined with or diminished % 
their respective amounts of interest are equal (in value). 

Examples in illustration thereof* 

67. The total capital represented by 8,520 is invested (in parts) 
at the (respective) rates of 3, d and 8 per cent (per month). 
Then, in this investment, in 5 months the capital amounts lent out 
arc, on being diminished by the (respective) amounts of interest, 
(seen to be) equal in value. (What are the respective amounts 
invested thus ?) 

68. The total capital represented by 4,250 is invested (in parts) 
at the (respective) rates of 8. 6 and 8 for 60 for 2 months ; then, in 
this investment, in 8 months the capital amounts lent out are, on 
being diminished by the (respective) amounts of interest, (seen to 
be) equal in value. (What are the respective amounts invested 
thus P) 

69. The total capital represented by 13,740 is invested (in parts; 

at the (respective) rates of 2, 5 and 9 per cent (per month) ; then, in 
this investment, in 4 months the capital amounts lent out are, on 
being combined with the (respective) amounts of interest, (seen to 
be) equal in value. ( What are the respective amounts invested 
thus ?) - / v? y- , . ;7\ ( i'Wm 

70. The total capital represented by 3,646 is invested (in parts) 
at the (respective) rates of l-|,f and § for 80 (per month) ; then., in 
this investment, in 8 months (the capital amounts lent out arc, on 
being combined with the respective amounts of interest, seen to ho 
equal in value. What arc the respective amounts invested thus r 1 ) 

The rule for arriving at the capital, the interest, and the time 
of discharge (of the debt) in relation to the debt-amount (paid up) 
in instalments in arithmetical progression : — 

71. (The required capital amount in the due debt) is that 
capital amount (which results) by adding the product of the 


'71. The rale is very elliptical and will become clear from the folio winy: 
working of the example contained in stanzas 72 — 7 3$ : — 

Here the multi or the maximum available amount of an instalment is 00 : this, 
when divided by 7, the amount of the first instalment, gives V’ or 8$, of which 
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optionally chosen (maximum available amount of an instalment) 
by (■whatever happens to bo) the outstanding (fractional part of 
the number of terms in the series), to the amount of the (first) 
instalment as multiplied by the sum of that series in arithmetical 
progression, which has (one for the first term, one for the common 
difference, and has for the number of terms tbe integral value of) 
the quotient obtained by dividing (the above optionally chosen 
maximum) amount of debt (discharged at an instalment) by the 
(above amount, of the first) instalment. The interest thereon 
is that which accrues for the period of an instalment. The time 
(of an instalment) divided by the amount of the (first) instalment 
and multiplied by the (optionally chosen maximum) amount 
of debt (discharged at an instalment) gives rise to the time (winch 
is the time of the discharge of the whole debt). 

"Examples in illustration thereof. 

72 an d 731. A certain man utilised, (for the discharge of a debt) 
bearing interest at 5 per cent, (per month), 60 (as the available 
maximum amount) with 7 as the first instalment amount, increasing 
it by 7 in successive instalments due every § of a month. He thus 
gave m discharge of tbe debt the sum of a series in arithmetical 
progression consisting of ^ terms, and gave also the interest 
accruing on those multiples of 7 . What is the debt amount 
corresponding to the sum of the series, what is that interest (which 
he paid) , and (what is) the time of discharge of that debt ? 

731 to 76 . A certain man utilised for the discharge of a debt, 
bearing interest at 5 per cent (per mensem), 80 (as the available 
maximum amount) with 8 as the first instalment amount, increasing 
it by 8 in successive instalments due every \ of a month. He thus 

5 represents the number of terms of the series in arithmetical progression, 
which has 1 for the first term and 1 for the common difference ; and y is the 
.ajraorthe outstanding fractional part. The sum of the above-mentioned 
series, vis., 36, multiplied by 1, the amount of the first instalment, is added to 
the product of t and 60, which latter is the maximum available amount of an 
instalment. Thus, we get 36 X 7 + 1 X 60 = which is the required capital 
amount in the due debt. The interest on “f* for f of a month at the rate of 

6 per cent per mensem will be the interest paid on the whole. The time o 
discharge will he (f — 7) X 20 ==■ ¥ months. 
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gave in discharge of the debt the sum of a series in arithroetical 
progression consisting of s - 8 - terms and gave also the interest 
accruing on those multiples of 8. The debt amount (corresponding 
to the sinn of the series), the interest (which he paid), and the 
time of discharge (of that debt) — tell me, friend, after calculating, 
what the (respective) value of these quantities is* 

The rule for arriving at the average common interest : — 

77 and 77 Divide the sum of the (various accruing) interests 
by the sum of the (various corresponding) interests due for a month ; 
the resulting quotient is the required time. The product of the 
(assumed) rate-time and the rate-capital is divided by this required 
time, then multiplied by the sum of the (various accruing) interests 
and then divided again by the sum of the ( various given) capital 
amounts. This gives rise to the (required) rate-interest. 


An example in illustration thereof. 

: In this problem, four hundreds were (separately) invested 

at the (respective) rates of 2, 3, 5 and 4 per cent (per mensem) 
for 5, 4, 2 and 3 months (respectively). What is the average 
common time of investment, and what the average common rate 
of interest ‘f 

Thus end the problems bearing on interest in this chapter on 
mixed problems. 


77 and 77|. The various accruing interests are the various amounts of 
interests accruing on the several amounts at the various rates for their respective 
periods. 

e , r „ f 6*, X q X Ij x L X I» 1 . f ('} X 1 ;< h . 

Symbolically, (, + y 7o +• • y~ g- + 

.frJLiL* J? + . . . ] = („ or average f,ime ; 


\a o.v average interest. 
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Proportionate Division. 

Hereafter we shall expound in (this) chapter on mixed problems 
the working of proportionate division :~ 

79|. The operation oi proportionate division is that wherein the 
(given) collective quantity be divided) is first divided by the 
sum of the numerators of the eommon-denominator-fraetioiis 
(representing the various proportionate parts), the denominators of 
which fractions are struck off out of consideration ; and (then it) 
has to he multiplied (respectively in each case) by (these) propor- 
tional numerators. This is called kuffikdra by the learned. 

j Examples in illustration thereof. 

80 Here, (in this problem, ) 120 gold pieces are divided among 
4 servants in the (respective) proportional parts of 4, i and. 

0 arithmetician, tell me quickly what they obtained. 

81-k (The sum of) 868 dinar as was divided among five, the 
first one (among them) getting 3 parts, and 3 being the common 
ratio successively (in relation to the shares of the others). What 
was the share of each ? 

82i to 85-|. A certain faithful srdvcika took a number of 
lotus flowers, and going into the Jina temple conducted, (therein) 
with devotion the worship of the chief Jinas that were worthy of 
worship. He offered J part to Vrsabka, *- to worthy Pars v a, 
and X V to Jinapati, and to sage Suvrata; he devotedly gave | 
to Aristanemi who destroyed all the eight kinds of harmas arid who 
was beloved by the world ; and -J- of | to Jinasanti : 480 lotuses 
were brought (for this purpose.) By adopting the operation known 

79}. In working the example in stanza 80| according to this rule we get : 
h & b i = A» A, A> A* After removing the denominators here, we have 6, 4, % 
and 2. These are also called or proportional numerators. The sum of 

these is 15, by which the amount to be distributed, viz., 120, is divided ; and the 
resulting quotient 8 is separately multiplied by the proportional numerators 0, 4, 
3 and 2. Then the amounts thus obtained are 6 x 8 or 48, 4x8 or 32, 3 x 8 or 
24, 2x8 or 16. It is worthy of note that yraJtscpa means both the operation 
of proportionate division and a proportional numerator. 


Ill 
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m praksepaka, give out the proportionate distribution of the 
flowers, - 

86§. (A sum of) 480 was divided among five men in the pro- 
portion of 2, 8, 4, 5 and 6 ; 0 friend, give out (the share of each). 

The rule for arriving at (certain) results in required pro- 
portions 

87|. The (number representing* the) rate-price is divided by 
(the number representing) the thing purchasable therewith ; (it) 
is (then) multiplied by the (given) proportional number ; by means 
of this, (we get at) the sum of the proportionate parts, (through) 
the process of addition. Then the given amount multiplied by 
the (respective) proportionate parts and then divided by (this 
sum of) the proportionate parts gives rise to the value (of the 
various tilings in the required proportion). 

Another rule for this (same) purpose : — : , 

88|. Multiply the numbers representing the rate-prices 
(respectively) by the numbers representing the (given) propor- 
tions of the (various) things (to be purchased) ; then divide (the 
result) by the (respective) numbers measuring the things purchas- 
able for the rate-price ; the resulting quantities happen to be the 
(requisite) multipliers in the operation of prahtpaka* The intelli- 
gent man may (then) give out the required answer by adopting* 
the rule-of-three. 

Again a rule for this (same) purpose : — 

89|-. The (numbers representing the various) rate-prices are 
respectively divided by their own related (numbers representing 
the) things purchasable- therefor and are (then) multiplied by 
their related proportional numbers. With the help of these, the 
remainder (of the operation should be carried out) as before. 

87-i to 89 §, In working the example in stanza 00 1 and 91 f according to these 
roles 2, 3 and 5 are divided by 3, 5 and 7 respectively and are similarly multi- 
plied by (>, 3 and 1. Tims we have § x 6, § x 8, f x 1^4,-fyf. These are 
the proportional parts. Tho rules in stanzas 88» and 89«- require thereafter 
the operation of pndy~fa to be applied in relation to these proportional parlay 
Irnt the rule in stanza 87§ expressly describes this operation. , 
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The required result is well arrived at by goiug through the process 
of the rule-of-three. 

. Examples in illustration thereof . 

901- and S>1-|. Pomegranates, mangoes and woodapples are 
obtainable at the (respective) rates of 3 for 2, 5 for 3, and 7 for 5 
pana* O you friend, who know the principles of calculation, come 
quickly having purchased fruits for 76 panes, so that the mangoes 
may be three times as the woodapples, and the pomegranates six 
times as much. 

921 to 94 A. A follower of Tina had the image of Jina bathed in 
potfuls of curds, ghee and milk. Three pots became filled with 72 
pa/as (of these) ; 32 palm were found in the first pot and 24 mthe 
second pot and 16 in the third pot. From these (potfuls of mixed- 
up) curds, ghee and milk, find out each of those (ingredients) 
separately and give them out, there being altogether 24 palas of 
ghee, 16 palas of milk and 32 palas of curds. 

95 1 an a 961-. Three purnnas formed the pay of one man who 
is a mounted soldier; and at that rate there were 65 men in all. 
Some ( among them) broke down, and the amount of their pay was 
given to those that remained in the field. Of this, each man 
obtained 10 purdnas. You tell me, after thinking well, how many 
remained in the field and how many broke down. 

The rule for the operation of proportionate division, wherein 
there is the addition or the subtraction of certain optionally chosen 
integral quantities : — 

97 A. The given total quantity is diminished by the integral 
quantities that are to be added, or is combined with the positive 
integral quantities that are to be subtracted ; then with the help of 
this resulting quantity the operation of proportionate division is to 
be conducted, and the resulting proportionate parts are respectively 
combined with those (integral quantities that are to be added to 
them), or they are diminished (respectively) by those (integral 
quantities that are to be subtracted). 

971, The operation of proportionate division to be conducted here is according: 
to anj of the rules in stanzas 87J to 89|. 



Examples in illustration thereof. 

98i Four men obtained their shares in successively doubled 
proportions and with successively doubled differences in addition, 
the first man obtaining one share : 67 (is the quantity so to be 
distributed) here. What is the share of each ? 

99J. (A sum of) 78 is divided by these four (among them- 
selves) in proportions which are successively from the first If 
times (what precedes) and with differences (in addition, which,! 
commencing with 1, (go on) increasing three-fold. Give out the 
(value of the) parts obtained (by each.) 

100J. (Hie shares of) five (persons) are (successively) from the 
first 1-| times (what goes before), and the differences in addition are 
quantities which are (successively) 2-) times (the preceding difference) 
51f is (the total quantity) to be divided. (Find out the values of 
the portions obtained by each.) 

101|. (A sum of) 400 minus 15 is divided by four men (among 
themselves) in proportions which from the first are 2|- times 
(what precedes), and which (besides) are less by differences which 
are (successively) 4 times (the preceding difference). (Find out 
the values of the various portions obtained.) 

The rule for arriving at the value of the prices producing 
equal sale-proceeds and at the value of the highest capital (invested 
in the transactions concerned) : — 

102|-. The largest capital (invested) combined with one 
becomes the vending rate of the commodity (to be sold). • That 
(same vending rate), multiplied by the (given) price at which the 
remnant is to be sold, and diminished by one, gives rise to the 


()8f. The difference quantity to he added to the shares here is 1 in the case 
of the second man, and twice the preceding difference in the case of each of the 
remaining two men ; and this difference in the case of the second man is net 
expressly mentioned as 1 in this example as well as in the example in stanza 101 
102|. The examples bearing on this rule contemplate the purchase of & 
commodity at a certain common rate for various capital amounts ; then the 
commodity so purchased is to be sold at a certain other common rate. That 
quantity of the commodity which is left over, owing to its not being enough to 
be sold for a unit of the kind of money employed in the transaction, is here 

> w 'is 
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purchasing rate. By reversing the processes, one may arrive at 
the valuation of the highest capital (invested in the transaction). 

Examples in illustration thereof. 

103" The capital amounts invested by (three) men are (re- 
spectively) 2, 8 and 36 ; 6 is the price at which the remnants of 
the commodity are to be. sold. Having purchased and sold at 
the same rates, they became possessors of equal wealth. (Bind 

out the buying and selling prices.) 

PO41 Those throe persons took up 1*, i and 2* (as their re- 
spective 2 capital amounts) and conducted the operations of buying 
vid selling (in relation to the same commodity at the same rates of 
price) ; by selling the remnant (in the end) at a price represented 
by 6. they became possessors of equal wealth. (Find out. their 

. buying and selling prices.) 

' jo&J-. The quantity measuring the equal wealth is 41, and 
the price at which the remnants of the commodity are sold is 6. 
O arithmetician, tell me quickly what the highest capital (invested) 
is, and what the (various) capitals arc. 

106*. In the case where 35 tEnaras give the numerical measure 
of the equal wealth, and 4 is the price at which the remnant is to 
he sold, you tell me, 0 arithmetician, what the highest capital 
(invested) is. 


spoken of as the remnant, and the price at which this remnant is sold is the 

'^Symbolically, let a, a + h and o + b + c be the capitals, where the last is 
the t rljpi q g or the largest capital, and let p be the 01 the lemnant 

pl . ioe; then, according to the rule, a + & + c + 1 = the Pending rate; 
and {« + b + e + 1) p - 1 = the purchasing rate. 

From these, it can be easily shown that the snm of the amounts realised by 
selling the commodity at the -rending rate and the remnant at the remnant- 
price tnrhs out to he the same in each case. 

It may he noted that the purchasing rate happens in problems hearing on 
this rule to be the same in value as the WR or the equal sale-proceeds. 

10 5 j. It may he noted here that, according to the rule, it is only the largest 
sapital that is found out j while the other capitals required in the problem are 
optionally chosen, so as to he less than the largest capital. 



An example- in illustration thereof , ; 

llOJ, Having invested J, f (respectively), and 'having 
bought and sold (the same commodity), and with |* as the remnant- 
price, three merchants became possessors of equal sale-proceeds 


The rule for arriving at the . value of the prices producing 
equal sale-proceeds when the price of the remnant is fractional in 
character : — 

107-!*. When the remnant -price is fractional in character, the 
selling and the buying rates are to be derived as before with (the 
data consisting of) the (invested) capitals and the remnant-price 
reduced to the same denominator, which is (however) ignored (for 
the time being) ; these selling and buying rates are (then re- 
spectively) to be multiplied by (this) denominator and the square 
of (this) denominator (for arriving at the required selling and buy- 
ing rates). The value of the equal sale-proceeds is (then obtained) 
by means of the rule-of-three. 


An example in illustration thereof . 


J08-J. (In a transaction) J are the capital amounts 

(invested respectively by three persons) ; the remnant-price is 
By purchasing and selling at the same prices, they became 
possessed of equal sale-proceeds. (What is the buying price, what 
the selling price, and what the equal sale-amount ?) 


Again, another rule for arriving at the value of the equal sale* 
proceeds, when the remnant-price is fractional ; — 

109|*. The continued product of the highest numerator, of tu% 
and of (all) the denominators (to be found in the values of the 
capital amounts invested), when combined with the (last) denomi- 
nator belonging to the value of the remnant-price, gives rise to 
the selling rate. This multiplied by the remnant-price, and then 
diminished by one , and then multiplied (successively) by two and 
all the denominators, becomes the purchasing rate. Then the 
rule-ol-three (is to be used for arriving at the common value of 
the sale-amounts). 
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(in the end. What is the buying price, what is the selling price, 
and what the equal sale-amount ?) 

The rule for arriving at (the solution of a problem, wherein) 
optionally chosen quantities (are) bestowed in optionally chosen 
multiples for an optionally chosen number of times : — 

111%. Let the penultimate quantity be added to the ultimate 
quantity as divided by its own corresponding multiple number, 
and let the result of this operation be divided by that (multiple 
number which is associated with this) penultimate quantity (given 
in the problem). What results (from carrying out this operation 
throughout in relation to all the various quantities bestowed) 
happens to be, the (required) original quantity. 

Examples in illustration thereof \ 

112-|* and 1 13-J*. A certain lay follower of Jainism wont to a 
Jina temple with four gate-ways, and having taken (with him) 
fragrant flowers offered them (thus) in worship with devotion : — 
At the four gate- ways, they became doubled, then trebled, then 
quadrupled and then quintupled (respectively in order.) The 
number of flowers offered by him was five at every (gate-way). 
How many were the lotuses (originally taken by him) F 

114*^. Flowers were obtained and offered in worship by 
devotees with devotion, the flowers (so offered) being (successively) 
3, 5, 7 and 8 ; (their corresponding) multiple quantities being *|, 
J and §• (in order. Find out the original number of flowers). 

Thus ends proportionate division in this chapter on mixed 
problems. 



Here we stop the division 
with the fifth remainder as it 
is the least remainder in the 
odd position of order in the 
series of divisions carried out 
here. 


* It is so called because the method of hutfikdra explained in the rule is 
based upon a creeper-like chain of figures. 

115 §. The rule will become clear from the following working of the problem 
in stauza No. 117§. 

Here it is stated that 63 heaps of plantains together with 7 separate fruits 
are exactly divisible among 23 persons ; it is required to find out the number 1 ' of 
fruits in a heap. Here the 63 is called the * group-number *, and the numerical 
value of the fruits contained in each heap is called the * group-value ’ ; and it is 
this latter which has to be found out. 

Now, according to the rule, we divide first the rati, or group-number 63, by 
the cfieda or the divisor 23 ; and then we continue the process of division as in 
finding out H.C.F. of two numbers ;< 

23)63(2 

46 


17)23(1 

17 


6)17(2 

12 

5)6(1 


1)5(4 

4 


Here, the first quotient 2 is discarded ; the other 
quotients are written down in a" line one below the 
other as in the margin ; then we have to choose 

1 such a number as, when multiplied by the last 

2 remainder 1, and then combined with 7, (the 

1 number of separate fruits given in the problem,) 

4 will he divisible by the last divisor 1, We 

accordingly choose 1, which is written down 
below the last figure in the chain ; and below 
this chosen number, again, is written down the 
quotient obtained in the above division with 
the help of the chosen number. 


Vt i IHkti-h u Uikd ra . 


Hereafter we shall explain the process of calculation known as 
Vallika-kuttikara * : — 


The rule underlying the process of calculation known as 
Vallika in relation to Kutfikara (which is a special kind of division 
or distribution) 

115J. Divide the (given) group-number by the (given) 
divisor ; discard the first quotient ; then put down one below the 
other the (various) quotients obtained by the successive division 
(of the various resulting divisors by the various resulting remain- 
ders; again), put down below this the optionally chosen number. 
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with which the least remainder in the odd position of order (in 
the above-mentioned process of successive division) is to be multi- 
plied ; and (then put down) below (this again) this product 
increased or decreased (as the case may be by the given known 
number) and then divided (by the last divisor in the above men- 
tioned process of successive division. Thus the Yallika or the 
creeper-like chain of figures is obtained. In this) the sum 
obtained by adding (the lowermost number in the chain) to the 
product obtained by multiplying the number above it with the 
number (immediately) above (this upper number, this process 
of addition being in the same way continued till the whole 
chain is exhausted,) this sum, is to be divided by the (originally 


Thus wc get the chain or Vallihi noted in the first column of figures in the 
margin. Then we multiply the penultimate figure below in 

X 51 the chain, viz., 1, by 4, which is above it* and add 8, the last 

2—88 number in the chain; the resulting 12 is written down so as 

X 13 to be in the place corresponding to 4 ; then multiplying* this 

4—3 2 12 by 1 which is the figure above it in the creeper chain, mid 

1 adding 1, the figure similarly below it, we get 13 in the place 

g of 1 ; proceeding in the same manner 88 and 51 are obtained 

in the places of 2 arid 1 respectively. This 51 is divided l>y 
23 , the divisor in the problem ; and the remainder 5 is seen to be the least 
number of fruits in a bunch. 

The rationale of the rule will be clear from the following algebraical repre- 
sentation : — 

= y (an integer) = q-\X + j>i, where pi = —Jl lilLlt . \ 

A - a 

. x —s (\yhere r x = B — Aq x the first remainder) 

... * ’ n 

== gsPi + Ps» where p 2 = and q z is the second quotient and 

r z the second remainder. 

Hence, pi = — ° = g &2 + Pz> where and g 8 is the 

r 2 r % 

third quotient and r 3 the third remainder. 

Similarly, — A = qi pz 4 pi, where 

r 3 

Pa = — = qs Pi 4- p s , where p 5 -= 

n n 

Thus we have, x=q z pi 4 p&i 

vi — VzjP* 4 ps ; 

Pz~uvz 4 pa; 

Pz^ qs Pi 4 ps. 



From this the ValliM chain pomes out thus Choos- 
ing* 1 as the rnati, and adding the difference between the 
two group-values already arrived at, that is, 
1 1G — 15, or 1, to the product of the mati and the 

X last divisor, and dividing’ this sum by the last 

1 divisor, we have 2, which is to be written down 
1 below the mati in the ValliM chain. Then pro- 

1 needing as before with the rallika, we get U > 

2 which, when divided by the first divisor 8, 
leaves the remainder 3. This is multiplied by 
the divisor related to the larger group- value, 
viz,, 13, and then is combined with the larger 
group-value. Thus 55 is the number of fruits in 
the heap. 


given) divisor. (The remainder in this last division becomes the 
multiplier with which the originally given gronp-ntimber is to be 
multiplied for the purpose of arriving at the quantity which is to 
be divided or distributed in the manner indicated in the problem. 
Where, however, the given group-numbers, increased or decreased 
in more than one way, are to be divided or distributed in more 
than one proportion,) the divisor related to the larger group-value, 
(arrived at as explained above in relation to either of two specified 
distributions), is to be divided (as above) by the divisor (related to 


By choosing a value for p& such that which is, as shown above, the 

U 

value of p s , becomes an integer, and by ai ranging in a chain q 2t q S) qi, q$, 
and p 5 we get at the value of x by proceeding as stated in the rule, that is, by 
the processes of multiplication by the upper quantity and the addition of fche 
lower quantity in the chain, which are carried up to the topmost quantity. The 
value of x so obtained is divided by A, and the remainder represents the least 

value of x ; for the values of x which satisfy the equation, — JL- = f t n integer, 

are all in an arithmetical progression wherein the common difference is A. 

This same rule contemplates problems where two or more conditions are given, 
such as the problems given in stanzas 121$ to !29£, The problem in 121$ may he 
thus worked out according .to the rule : — It is given that a heap of fruits when 
diminished by 7 is exactly divisible among 8 men, and the same heap when 
diminished by 3 is exactly divisible among 13 men. 

Now, according to the method already given, find out fir»t the .least number 
of fruits that will satisfy the first condition, and then find out 'the number of 
fruits that will satisfy the second condition. Thus we get the group-values 16 
and 16 respectively. N ovf , the divisor related to the larger group-value is divided 
as before by that related to the smaller group-value to obtain a fresh vallihi 
chain. Thus dividing* 13 by 8 and continuing the division, we have— 

8 ) 13(1 

8 

6 ) 8(1 

5 ; 

* 3)5(1 
3 

2 ) 3(1 
2 

1 ) 2(1 

1 

1 - 
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the smaller group- value, so that a creeper-like chain of successive 
quotients may be obtained in this ease also as before. Below the 
lowermost quotient in this chain, the optionally chosen multiplier 
of the least remainder in the odd position of order in this last 
successive division is to be put down ; and below this again is to 
be put down the number which is obtained by) adding the 
difference between the two group- values (already referred to) to 
the product (of the least remainder in the last odd position of 
order multiplied by the above optionally chosen multiplier thereof, 
and then by dividing the resulting sum by the last divisor in the 


The rationale of this process will be clear from the following considerations : — 
x-kt •» Bi ® + £. . . . /..v Bo a? + b 2 

We have (i) -A— - t — — L is an integer j (n) — — 

B a x + 6 S 


(m) 


*4 a 


A i ° v 7 A s 

is an integer. In (i) Let the lowest value of x = s r 


is an integer ; and 


In (ii) „ „ „ x = » 2 . 

In(iii) „ „ „ ® = »3- 

(iv) When both (i) and (ii) are to be satisfied, dA x + Si has to be equal to 

1c A 2 + so that i?i — s 2 =55 JcA 2 — dA^ That is, — ~ ^ = k. 

A t 

From (iv), which is an indeterminate equation with the values of d and Tc 
unknown, we arrive, according to what has been already proved, at the lowest 
positive integral value of d. This value of d multiplied by A u and then increased 
by s u gives the value of $ which will satisfy (i) and (ii). 

Let this be t\ ; and let t.he next higher value of x which will satisfy both 
these equations be t 2 . 

(v) Now, t x + nAi == t 2 ; 

(vi) and t\ + mi 2 = t 2 . 

= Thus Ai = mp, and = np, where p is the highest 


Thus Ai = mp, and A 2 
common factor between A x and A s , 
m 


A x _ J 2 
• — , and n - — — 


V V 

Substituting in (v) or (vi), we have 

A t Ai 

h + ~ L —~ = h. 
p 

From this it is obvious that the next higher value of x satisfying the two 
equations is obtained by adding the least common multiple of A\ and A 2 to the 
lower value. 

Now again, let v be the value of x which satisfies all the three equations. 


Then v = i\ + 


x r, (where r is a positive integer) = (say) t L + Ir ; 
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above division chain* Thus the creeper-like chain of figures 
required for the solution of this latter combined problem is 
obtained. This chain is to be dealt with as before from below 
upwards, 'and the resulting number is to be divided as before by 
the first divisor in this last division chain. The remainder obtained 
in this operation is then) to be multiplied by the divisor (related 
to the larger group-value, and to the resulting product, this) 
larger group-value is to be addei (Thus the value of the 
required multiplier of the given group-number is obtained ; and 
this will satisfy both the specified distributions taken together 
into consideration). 


Examples in illustration thereof . 

116J. Into the bright and refreshing outskirts of a forest, 
which were full of numerous trees with their branches bent down 
with the weight of flowers and fruits, trees such as jambu trees, 
lime trees, plantains, arena palms, jack trees, date-palms, hintdla 
trees, palmyras, punnet g a trees and mango trees — (into the 
outskirts), the various quarters whereof were filled with the many 
sounds of crowds of parrots and cuckoos found near springs 
containing lotuses with bees roaming about them— (into snob 
forest outskirts) a number of weary travellers entered with joy, 

1I7J. (There were) 63 (numerically equal) heaps of plantain 
fruits put together and combined with 7 (more) of those same 
fruits; and these wore (equally) distributed among 23 travellers 
so as to leave no remainder. You tell (me now) the (numerical) 
measure of a heap (of plantains.) 

118|. Again, in relation to 1 2 (numerically equal) heaps of 
pomegranates, which, after having been put together and 


By applying the principle of va Uikd-kuttJMra in the last equation, the 
value of c is obtain el, and thence the value of v can be easily arrived at. 

It is seen from this that, when, in order to find out v t we deal with i% and 8$ 
in accordance with the IcuttlMra method, the shed a or the divisor to be t&ken in 

relation to t L is or the least common multiple of the divisors in the fir*t 

P 

two equations, 
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combined with 5 of those (same fruits), were distributed similarly 
among 19 travellers. Give out the (numerical) measure of (any) 

one (heap). 

1191 A traveller sees heaps of mangoes (equal in numerical 
value)! and mates 31 heaps less by 3 (fruits); and when the 
remainder (oi these 31 heaps) is (equally) divided among 73 
men, there' is no remainder. Give out the numerical value of 
one (of these heaps). 

1201. In the forest 37 heaps of wood-apples were seen by 
the travellers.- After 17 fruits were removed (therefrom, the 
remainder) was (equally) divided among 79 persons (so as to leave 
no remainder). "What is the share obtained by e<3.ch t 

1211 , When, after seeing a heap of mangoes in the forest and 
removing 7 fruits (therefrom), it was divided equally among 8 of 
the travellers ; and when again after removing o (iiuits) from 
that (same) heap it was (equally) divided among 13 of them ; it 
left no remainder (in both eases). 0 arithmetician, tell me (the 
numerical measure of this) single heap. 

122|-. A single heap of wood-apples divided among 2, 3, 4, or 
5 (persons) leaves 1 as remainder (in each ease). 0 you who 
know arithmetic, tell me the (numerical) measure of that (heap). 

12gi. When (divided) by 2, the remainder is 1 ; when by 3, 
it is 2 y when by 4, it is 3 ; when by 5, it is 4. Tell me, 0 friend, 
what this heap is. 

124f. When (divided) by 2, the remainder is 1 ; when by 3, 
there is no remainder ; when by 4, it is 3 ; when by 5, it is 4. 
Tell me, 0 friend, what the heap is (in numerical value). 

125- )-. When divided by 2, there is no remainder ; when by 3, 
there is 1 as remainder ; when by 4, there is no remainder ; and 
when by 5, there is one as remainder. What is this quantity ? 

126- J. When divided by 2 (the remainder is) 1 ; when by 3, 
there is no remainder; when by 4, (the remainder is) 3; and 
when divided by 5, there is no remainder Tell me now what 
(this) quantity is. 

127 A The travellers saw on the way certain (equal) heaps of 
jambu fruits. Of them, 2 (heaps) were equally divided among 9 



330{r. Here the known quantity to bo removed is called the agra, What 
remains after the removal of the agra is the remainder. That fraction of ibis 
remainder which is given or taken away is the ayrawBa, and what is left of iW 
remainder after the ogramsa is given or taken away is the semthsa or the 
remaining fractional proportion of the remainder. For examples where % is the 
quantity to be found out, and a is the agra in relation to the first, disfrilmth n 

with i- as the fractional proportion distributed, ------- happens to be the <ig*ariS3 r 


to he the sepaniia, 
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ascetics and left 3 (fruits) as remainder. Again 3 (heaps) were 
(similarly) divided among 11 persons,, and the remainder was 5 
fruits ; then again 5 of those heaps were similarly divided among 
7, and there were 4 more fruits (left out) of them. 0 you arith- 
metician who know the meaning of the kuftzkdra process of dis- 
tributions, tell me after thinking out well the numerical measure 
of a heap (here) . . ' 

128-J. In the interior of the forest, 3 heaps (equal in value) of 
pomegranates were divided (equally) among 7 travellers, leaving 
1 (fruit) as remainder; 7 (of such heaps) were divided (similarly) 
among 9, leaving a remainder of 8 (fruits ; again) 5 (of such heaps) 
were (similarly) divided among 8, leaving 2 fruits as remainder. 
0 arithmetician, what (is the numerical value of a heap here). 

129|, There were 5 (heaps of fruits equal in numerical value), 
which after "being combined with 2 (fruits of the same kind) were 
(equally) divided among 9 travellers (and left no remainder); 
6 (heaps) combined 'with 4 (fruits) were (similarly) divided 
among 8 of them; and 4 (heaps) combined with 1 (fruit) were (also 
similarly) divided among 7 of them, (rive out the numerical 
measure (of a heap here). 

The rule for arriving at the original quantity distributed (as 
desired), after obtaining the remainder due to (the removal of 
certain specified) known quantities : — 

13G-|-. (Obtain) the product of the (given) known quantity (to 
be removed), as multiplied hv the fractional proportion of what is 
left (after a specified fractional part of what remains on the 
removal of the given known quantity has been given away). The 
next quantity is (obtained by means of) this (product), to which 






is an integer ; and' is an integer. 

81 

The value of * satisfying these three conditions gives the number of Hewers, 


is an integer 
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the specified known quantity which is to he taken away (from 
the previous remainder) is added ; (and this resulting sum) is 
multiplied by that (same kind of) remaining fractional proportion 
(of the remainder as has been mentioned above). This is to be 
done as many times as there are distributions to be made. Then 
these quantities so obtained should be deprived of their denomina- 
tors ; and those denominator-less quantities (and the successive 
products of the above-mentioned remaining fractional proportions 
of the remainder) are (to be used as) the known quantity and the 
(other elements, viz., the coefficient! multiple (of the unknown 
quantity and the divisor, required in relation to a problem on 
Vallika-kuitikara ) . 

Examples in illustration thereof. 

131J. On a certain man bringing mango fruits (home, his) 
elder son took one fruit first and then half of what remained. 
(On the elder son going away after doing this), the younger (son) 
did similarly (with what was left there. He further took half 


The rule will be clear from the following working of the problem in 132| — 
133-| : — 

Here 1 is the first agra, and -§ is the first agrdma \ therefore 1 — -a or f is 
the sesdmsa. Now, obtain the product of agra and sesdma or 1 x f or f. Write it 

down in 2 places, j* f j> • ^ 

Repeat the quantities [ | j 5 adtl the second agra 1 (to one of the quantities) 
Then we have 1 1| ; multiply both by the next iesdnda 1— 3 or f, so that you get 

tn 

Take these figures and add the third agra 3 as before ; and you have 

{ 'VT } multiply by 'the next iesdwsa 3 «-§ or f and by the last ansa or J ; and 
& ^ r | A -| 

yon have m 

The denominators of the first fractions in these three sets of fractious 
marked I, II, III, are dropped, and the numerators represent negative agras in 
a problem on YalliM~hdtiMra k wherein the numerator and the denominator of 
each of the second fractions in those sets represent respectively the dividend 
coefficients and the divisor. Thus we have 
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of what was thereafter left) ; and the other (son) took the other 
half. (Find the number of fruits brought by the father.) 

132| and 133f. A certain person went (with flowers) into a 
J ina temple which was (in height) three times the height of a man. 
At first he offered one (out of those flowers) in worship at the foot 
of the Jina and then (offered in worship) 'one- third of the remaining 
number (of flowers) to the first height-measure (of the Jina), Out 
of the remaining two-thirds (of the number of flowers, he conduc- 
ted worship) in the same manner in relation to the second height- 
measure ; and (then he did) the same thing in relation to the third 
height-measure also. The twc-thirds which remained at last were 
also made into 3 equal parts (by him) ; and having worshipped 
the 24 tirthankaras (with these parts at the rate of eight 
Urthahkaras for each part), he went away with no (flower) on 
hand. (Find out the number of flowers taken by him.) 

Thus ends simple KuUlhdra in this chapter on mixed problems. 


* Vismna-MittikaT a 


Hereafter we shall expound complex kuttlkdra. 

The rule relating to complex kuUikdra : — 

134-jb The (given) divisor, (written down) in two (places), is to 
ho multiplied (in each place) by an optionally chosen number ; and 
the (known) quantity given (in the problem) for the purpose of 
being added is to be subtracted (from the product in one of these 
places) ; and the quantity given (in the problem) for the purpose 
of being subtracted is to be added (to the product noted down in 
the other places. The two quantities thus obtained are) to be 
divided by the known (coefficient) multiplier (of the unknown 


# The words T is a/m a and Bkinna here used in relation to KuUtkafa have 
obviously the same me fining and refer to the fractional character of the dividend 
quantities occurring 1 in the problems contemplated by the rule. 


(-A ■; yrA/y 

ISlIlJlIil 
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■quantities to be distributed in accordance with the problem). Each 
(of the quotients so obtained) happens to be the required (quantity 
which is to be multiplied by the given) multiplier in the process 
of Bhinnakutfikdra .* 

An example in illustration thereof. 

1351. A certain quantity multiplied by 6, (then) increased by 
iO and (then) divided by 9 leaves no remainder. Similarly, (# 
certain other quantity multiplied by G, then) diminished by 10 (and 
then divided by 9 leaves no remainder). Tell me quickly what, 
those two quantities are (which are thus multiplied by the given 
multiplier here). 


Sakala-kuttikara. 

The rule in relation to sakala-kuttikdra. 

136-|-. The quotient in the first among the divisions, carried on 
by means of the dividend-coefficient (of the unknown quantity to 
be distributed), as well as by means of the divisor and the (succes- 
sively) resulting remainders, is to be discarded. The other quotients 
obtained by means of this mutual division (carried on till the 
divisor and the remainder become equal) are to be written down 
(in a vertical chain along with the ultimately equal remainder 
and divisor) ; to the lowermost figure (in this chain), the remainder 
(obtained by dividing the given known quantity in the problem by 
the divisor therein), is to be added. (Then by means of these num- 
bers in the chain), the sum, (which has to be) obtained by adding 
(successively to the lowermost number) the product of the two 


This rule will become clear from the following working of the problem 
given in 137 £ * — 

The problem is, when is tin integer, to find out the values of 

Removing the common factors, we have is an integer. 
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numbers immediatel y above it, (till the topmost figure in the chain 
becomes included in the operation) . is to be arrived at. (Thereafter) 
this resulting sum and the divisor in the problem (give rise), in the 
shape of two remainders, (to the two values of) the unknown 
quantity (which, is to be multiplied by the given dividend-coefficient 
.. in the problem), which (values)are related either to the known given 
quantity that is to he added or to the known given quantity that 
is to be subtracted, according as the number of figure-links in the 
above-mentioned chain of quotients is even or odd. (Where, 
however, the given groups, increased or decreased in more 
than one way, are to he divided or distributed in more than one 
proportion), the divisor related to the larger group- value, (arrived 
at as explained above in relation to either of two specified distri- 
butions), is to be divided over and over (as above by the divisor 


Carry oat the required process of continued division 

67 ) 59(0 

0 


59)67(1 

59 


After discarding the first quotient, the others are written 
down in a chain thus : — 


3)8(2 

G 


2)3(1 

2 

3 ) 2(3 

1 


1 \ 

7 

; :2' 

1 

1 

1 

1 + 13 * 


8)59(7 1 Below this are next written down land 3, 

56 7 the last equal divisor and remainder. Here 

also, as in ValliM-ku0kfIra t it is worthy 
of note that in the last division there can he 
really no remainder, as 2 is fully divisible 
by 1. But since the last remainder ig 
14 wanted for the chain, it is allowed to occur 
by making the last quotient smaller than 
possi hie . And to th e last, no m her 1 here, ad d 
13, which is the remainder obtained by 
dividing 80 by 67 ; the 14 so obtained is 
- also written d own at the bottom of th e chain, 

l which now becomes complete. 

Now, by the continued process of multiplying and adding the figures in this 
chain, as already explained in the note under stanza No. 13 5|, 
we arrive at S92. This is then divided by 67 ; and the remain- 
der 57 is one of the values of x, when SO i? taken as negative 
owing to the number of figures in the chain being odd. When 
80 is taken as positive, the value of. x is 67 - 57 or 10. If the 
number of figures in the chain happen to he even, then the 
value of x first arrived an is in relation to the positive agm ; 
if this value be subtracted fiom the divisor, the value of m in 
relation to a negative agra is arrived at. 


1 — 392 
7—345 

1—3 6 
1—15 

■ X' 

14 
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id to the smaller group- value obtained as above so that a 
er-like chain of successive quotients may be obtained in this 
also. Below the lowermost quotient in this chain the 
rally chosen multiplier of the least remainder in the odd 
.on of order in this last successive division is to be put down 


The principle underlying- the process given m tne rate is me same as that 
explained in the rule regarding’ YaUiM-kutpkdra— hut ' with this difference, 
namely, that the, last two % ares in the chain here are obtained in a different way. 

Again, from the rationale given in the footnote to rale in 115!, Oh. VI, 
it will he seen that the agra , b f associated with the remainder in the odd position 
of order, has the same algebraical sign as is given to it in the problem. ; 
while the sign of the agra, b, associated with the remainder in the even position of 
order is opposite to its sign as given in the problem. Hence, when the 
continued division is carried up to a remainder in the odd position of order, the 
value of at arrived at therefrom is in relation t> such an agra as has its sign 
unchanged; on the other hand, when the continued division is carried up to a 
remainder in the even position of order, the value of x arrived at therefrom. is in 
relation to an agra that has its sign changed. When the number of remainders 
obtained is odd, the number of quotients in the chain is even ; and when the 
remainders are even, the quotients are odd in number. As the agra associated 
with the last remainder is in this rule always taken to be positive, the value of 
x arrived at is' in relation* to the positive agra , if the last remainder happens to 
be in the odd position of order. And it is in relation to the negative agra t if the 
last remainder happens to be in the even position of order. In other words, if 
the number of quotients bo even, the value is in relation to the positive agra ; 
and if the number of quotients be odd, it is in relation to the negative agra. 

The value of As in relation to the positive or the negative agra being thus 
found out, the other value is arrived at by subtracting this value from the 
divisor in t he problem. How this turns out will be clear from the following 
representation : — 

= an integer. Here let x = c ; then — -i-? = an integer. We 


is also an integer. Hence 


know tha- 


integer. 

It has to be noted here that the common factor, if any, of the three given 
numerical quantities is to be removed before the operation of continued division 
is begun. The last divisor and the last remainder being required to be equal 
it will invariably happen that these come to be 1. 

The mafd, required to be chosen in the rule relating to the V a l U M - kutttMra 
and required to be written below the chain of quotients, is in this rule always 1, 
the last divisor being 1. Therefore the last divisor here takes the place of the 
mati in the Vallikd- bapluara. It will he seen further that the last figure of 
the chain obtained according to this rule, i.e., 1 + agra, is the same as the last 
figure in the chain obtained in the f aililrf -lit fikm a by dividing by the last 
divisor tbs sum of the agra and the product of the mail as multiplied by the 
last remainder. 
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as before ; and below this again is to be put down) the number 
which is obtained by adding the difference between the two 
group-values, (already referred to, to the product of the least 
remainder in the odd position of order multiplied by the above 
optionally chosen multiplier thereof, and then by dividing 
this resulting sum by the last divisor in the above division 
chain. 

Thus the creeper-like chain of figures required for the solution 
of this latter kind of problem is obtained. This chain is to be 
dealt with as before from below upwards, and the resulting 
number is to be divided is before by the first divisor in this last 
division chain. The remainder obtained in this operation is then 
to be) multiplied by the divisor (related to the larger group-value) * 
and to the resulting product this larger group- value is. to be 
added. 

(Thus the value of the required multiplier of the given group 
number is obtained so as to satisfy the two specified distributions 
taken into consideration.) 


Examples in illustration thereof. 


137J. One hundred and seventy-seven (is the dividend-co- 
efficient of the unknown factor), 240 is the known quantity 
associated (with the product so as to be added to or subtracted 
from it) ; the whole is divided by 201 (and leaves no remainder). 
What is the (unknown) factor here (with which the given dividend- 
coefficient is to be multiplied) ? 

138J. Thirty-five and other quantities, 16 in number, rising 
(thence successively in value) by 3, (are the given dividend-co- 
efficients). The given divisors are 32 (and others) as successively 
increased by 2. And 1 successively increased by 3 gives rise to the 
associated known (positive and negative) quantities. What are 
the values of the (unknown) factors (of the known dividend- 
coefficients), according as they are additively associated with 
positive or negative (known) numbers ? 

17 : 
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The rule for separating the prices of (an interchangeable) larger 
and (a similar) smaller number of two different things from the 
given mixed sums of the prices of these things 

139J. From the higher price-sum, as multiplied by the corre- 
sponding larger number of one of the two kinds of things, subtract 
the lower price-number as multiplied by the smaller number 
relating to the other of the two kinds of things. Then divide the 
result by the difference between the squares of the numbers 
relating to these things. This gives rise to the price of the thing 
which is larger In number. The other, that is, the price of the 
thing which is smaller in number, is obtained by interchanging 

the multipliers. 

An example in illustration thereof. 

14QJ to 142-J-. The mixed price of 9 citrons and 7 fragrant 
woud-apples is 107 ; again the mixed price of 7 citrons and 9 
fragrant wood-apples is 101 , 0 you arithmetician, tell me quickly 
the price of a citron and of a wood-apple here, having distinctly 
separated those prices well. 

The rule for separating the prices and the numbers of different 
mixed quantities of different kinds of things from their given 
mixed price and given mixed values : — 

143|. The (different) given (mixed) quantities (of the different 
things) are to be multiplied by an optionally chosen number; the 
given (mixed) price (of these mixed quantities) is to be diminished 
(by the value of these products separately). The resulting quantities 

139 1 . Algebraically, if 
ax + by = m 
and bx f ay = n, 
then a 2 x + ahy = am 
and b 2 & + ahy = bn. 

x (a 2 - — b z )=:arn — bn. 
am — bn 

'■ x 

14«3|. The rule will become clear by the following working of the problem in 
stanzas 14s4j and 145| : — 

The total number of fruits in the first heap is 21. 

Do. do. second do. 22. 

Do. do. third do. 23. 



are to be divided (one after another) by an optionally chosen number 
(and the remainders again are to he divided by an optionally chosen 
number, this process being repeated) over and over again. The 
given (mixed) quantities of the different things are to he (succes- 
sively) diminished by the corresponding quotients in the above 
process. (In this manner the numerical values of the various 
things in the mixed sums are arrived at). The optionally chosen 
divisors (m the above processes of continued division) combined 
with the optionally chosen multiplier as also that multiplier 
constitute (respectively) the prices (of a single thing in each 
of the varieties of the given different things). 


tihooso any optional number, say 2, anrl multiply with it these total numbers; 
we get 42, 44, 46, Subtract these from 73, the price of the respective heaps. The 
remainders are 31, 29, and 27* These are to be divided bj another optionally 
chosen number, say S. The quotients are 3, 3, 3, and the remainders are 7,5 
and 3. These remainders are again divided by a third optionally chosen number 
say 2, The quotients are 3, 2, 1, and the remainders are 1, 1,1. These last 
remainders are in their turn divided by a fourth optionally chosen number 
winch is 1 here. ^ The quotients are I, 1, 1 with no remainders. The quotients 
derived in relation to the first total number are to be subtracted from it. 
Tims we get 21 -(3 + 3 + 1) = 14 ; this number and the quotients 3, 3, 1 
represent the number of fruits of the different sorts in the first heap. 
Similarly we get in the second gr.mp 16, 3, 2, 1, and in the third group IS, 3, 1, 
1, as the number of the different sorts of fruits, 

The prices ore the first chosen -multiplier, viz., 2, and its sums with the 
other optionally chosen multipliers. Thus we get 2, 2 + 8 or 10, 2 + 2 or 4, and 
2 -f 1 or 3, as the price of each of the four different kinds of fruits in order. 

The principle underlying this if ethod will be clear from the following 
algebraical representation — 

ax + by + cz +dw = p ... ... '« ■ ... ■ ... I 

a 4* b *i” C 4 d .. ,, , JJ 

Let w = s. 

Multiplying II by s, wo have® (a t b + c + d) = sn IK 

Subtracting III from I, we got a {x - s) -f b (y-x) + c (z— s) = 

p-sn ... IV 

Dividing IV by « — we get a as the quotient, and b (y — «) + c (z^s) as 
the remainder, where * — a is a suitable integer. 

Similarly we proceed till the end. 

Thus it will be seen that the successively chosen divisors ,v — w, y — and 
2 — s, when combined with give the value of the various prices, s by itself 
being the price of the first thing ; and that the successive quotients «, b x c, along 
with n — (a + b + c) are the numbers measuring the various kinds of things. 

It may be noted that, in this rule, the number of divisions to bo camel out is 
one less than the number of the kinds of things given, and that there she aid 
be no remainder left in the last division. 
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An example in illustration thereof. 

144-| and 145J. There are here fragrant citrons, plantains, 
wood-apples and pomegranates mixed up (in three heaps). The 
number of fruits in the first (heap) is 21, in the second 22, and in 
the third 23. 'The combined price of each of these (heaps) is 73. 
What is the number of the (various) fruits (in each of the heaps), 
and what the price (of the different varieties of fruits) ? 

The rule for arriving at the numerical value of the prices of 
dearer and cheaper things (respectively) from the given mixed 
value (of their total price) : — 

146|. Divide (the rate-quantities of the given things) by their 
rate-prices. Diminish (these resulting quantities separately) by 
the least among them. Then multiply by the least (of the above- 
mentioned quotient-quantities) the given mixed price of all the 
things ; and subtract (this product) from the given (total number 
of the various) things. Then split up (this remainder optionally) 
into as many (bits as there are remainders of the above quotient- 
quantities left after subtraction) ; and then divide (these bits by 
those remainders of the quotient-quantities. Thus the prices of 
the various cheaper tilings are arrived at). These, separated from 
the total price, give rise to the price of the dearest article of 
purchase. 

Examples in illustration thereof. 

v 147 1 to 149. u In accordance with the rates of 3 peacocks for 
2 panas , 4 pigeons for 3 panas , 5 swans for 4 panas , and 6 sdrasa 


146§. The rule will be clear from the following working of the problem 
given in 147 i — 149 : — 

Divide the rate -quantities 3, 4, 5, 6 by the respective rate-prices 2, 3, 4, 5 ; 
thus we have f, -f , J, f . Subtract the least of these f from each of the other three. 
We get re, is, 20 * By multiplying the given mixed price, 56, by the above- 
mentioned least quantity, we have 56 x f . Subtract this from the total 
number of birds, 72. Split up the remainder into any three pans, say £, •§, f. 
Dividing: these respectively by To, h we get the prices of the first three 
kinds of birds, 1 r, 12, 36. The price of the fourth variety of birds can be found 
out by subtracting all these three prices from the total 56. 
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birds for 5 panas, purchase, 0 friend, for 56 paws 72 birds and 
bring them (to me) So saying a man gave over the purchase- 
money (to his friend). Calculate quickly and find out how many 
birds (of each variety he bought) for how many panas. 

150. For 3 panas, 5 pahs of ginger are obtained; for 4 panas, 

11 palm of long pepper ; and for 8 panas, 1 pala of pepper is 
obtained By means of the purchase-money of 60 panas* quickly 
obtain 68 palcts (of these drags). * 

The rule for arriving at the desired numerical value of certain 
specified objects purchased at desired rates for desired sums of 
money as their total price : — 

151. The rate- values (of the various things purchased are each 
separately) multiplied by the total value (of the purchase-money), 
and the various values of the rate-money are (alike separately) 


151. The following working of the problem given in 152-1.53 will illustrate 
the rule : — 


— Write down the rate -things and the rate-prices in 
500 two rows, one below the other. Multiply by the total 
>00 p r i C e and by the total number of things respectively. 
~ Then subtract. Remove the common factor 100. Multi - 

0 ply by the chosen numbers 3, 4, 5, 6. Add the numbers 

— in each horizontal row and remove the common factor 6. 
6 Change the position of these figures, and write down in 
0 two rows each figure as many times as there are compo- 

” nent elements in the corresponding sum changed in position. 
q Multiply the two rows by the rate-prices and the rate- 

things respectively. Then remove the common factor 6. 

Multiply by the already chosen numbers 3, 4, 5, 6. The 
numbers in the two rows represent the proportions 
according to which the total price and the total number of 
things become distributed, 

^ This rule relates to a problem in indeterminate 

^ equations, and as such, there may be many sets of answers, 

these answers obviously depending upon the quantities 

36 chosen optionally as multipliers. 

12 It can be easily seen that, only when certain sets of 
numbers are chosen as optional multipliers, integral 
2 answers are obtained | in other cases, fractional answers 

are obtained, which are of course not wanted. For an 

36 explanation of the rationale of the proces, see the note 
1 % given at the end of the chapter. 
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multiplied -by the total number of things purchased; (the latter 
products are subtracted in order from the former products; the 
positive remainders are all written down in a line below, the 
negative remainders in a line above ; and all these are reduced to 
their lowest terms by the removal of the factors which are common 
to all of them. Then each of these reduced) differences is multiplied 
by (a separate) optionally chosen quantity ; {then those products 
which are in a line below as well as those which are so above 
are separately added together) ; and the sums are written upside 
clown, (the sum of the lower row of numbers being written above 
and the sum of the upper row being written below. 'I hese suras are 
also reduced to the lowest terms by means of the removal of 
common factors, if any ; and the resulting quantities) are each 
of them written down twice, (so as to mate one be below the 
other, as often as there are component elements in the correspond" 
ing alternate sum. These numbers thus arranged in two rows) are 
multiplied by their respective rate-prices and rate- values of things, 
(the rate-price multiplication being conducted with one row of 
figures and the rate-number multiplication being in relation to the 
other row of figures. The products so obtained are again reduced 
to their lowest terms by the removal of such factors as are com- 
mon to all of them. The resulting figures in each vertical row are 
separately) multiplied (each) by (means of its corresponding 
originally chosen) optional multiplier. (And the products should 
be written down as before in two horizontal rows. The numbers 
in the upper row of products give the proportion in which the 
purchase money is distributed ; those in the lower row of products 
give the proportion in which the corresponding things purchased 
are distributed. Therefore) what remains thereafter is only the 
operation of praksepaJea-karana (proportionate distribution in 
accordance with rule-of-three). 

An example in illustration thereof 1 

152 and 153. Pigeons are sold at the rate of 5 for 3 ( petrns ), 
mrasa birds at the rate of 7 for 5 ( panas ), swans at the rate of 9 for 7 
(pan&s)> and peacocks at the rate of 3 for 9 (panas). A certain man 
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was told to bring at these rates 100 birds for 100 panas for the 
amusement of the king’s son, and was sent to do so. What 
(amount) does he give for each (of the various kinds of birds that 

he buys) P 

The rule for arriving at the measure of two given commodities 
whose prices are interchanged:— 

154. Let (the numerical value of) the sum of the (total selling 
and buying) money-prices (of the two given commodities) be 
divided by (the numerical measure of) the sum (of the commodities 
put together) ; then let the difference (between the above-mentioned 
buying and selling prices) be divided by the (numerical measure 
of any such) difference as may be obtained by subtracting any 
optionally chosen commodity-quantity from the given measure of 
the sum of the given commodities. If the operation of sanhramana 
is conducted in relation to these, (viz., the quotient obtained in the 
first operation above and any one of the many quotients that 
may be obtained in the second operation), the rates at which 
those commodities are purchased is obtained. Then if the same 
operation of sanhramana as relating to the sum of the commodities 
and to their difference is carried out, it of course gives rise to (the 
numerical measure of) the commodities (in question). The alter- 
nation (of these above-mentioned purchase-rates) gives rise to the 
sale-rates. This is the solution of (this kind of) problems as 
propounded by the learned ; and the rule (itself) has been declared 
by the great Jina. 


154. The algebraical representation of the method described in the rule may 
he given thus in relation to the problem proposed in st&nssaa 155 and 156 — 


Let ax + by = 104 ... ...... ... ■ 

ay + lj%=i 110 .. ... ... 

a 4* 5 = 20 

.Adding* I and II, we have (a 4- b) (x 4- y ) ~ 220 
x t y =11 

Again subtracting X from II, we get (fl — b) (y — a?) * 
Nnw 2d is optionally chosen to be equal to 6. 
a + b — 2d or —5=20 — 0 or 14 

* y- 


I 

II 

111 

IV 

. .v' 


S 12 


VI 

vrr 


Garry out the operation of saiikramuna with reference to VII and V, and 
VI anti III j and the values of x } y, a and b are all made oat. 
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An example in illustration thereof \ 

155 and 156. The original price of one piece of sandalwood 
and one piece of agaru wood, they being together 20 pahs (in 
weight), is 104 panas ; when after a time they were sold with 
their prices mutually altered, 116 panas were obtained. You 
give out their buying and selling rates and the numerical measure 
of tne commodities, taking 6 and 8 separately as the optional 
(number) needed by the rule. 

The rule for arriving at the distance in ydjanas travelled by 
the horses of the sun's chariot when yoked as desired : — 

157. The number representing the total ydjanas, divided by the 
total number of horses, gives the ydjanas (which each has at a stage 
to travel) in turn These yojanas , as multiplied by the optionally 
chosen number of horses to be yoked, give the measure of the 
distance to be travelled over by each horse. 

An example in illustration thereof . 

158 . It is well-known that the horses belonging to the sun's 
chariot are 7. Four horses (have to) drag it along, being harnessed 
to the yoke. They have to do a journey of 70 ydjanas . How 
many times are they unyoked and how many times yoked (again) 
in four ? 

The rule for arriving at the value of the commodity to be found 
in the hands of each ( of a body of joint proprietors), from the 
conjoint remainder left after subtracting whatever is desired from 
the total value of all the commodities : — 

159 . Let the sum (of the values of the conjoint remainders) of 
the commodities be divided by the number of men lessened by one ; 
the quotient will be the total value of all the commodities (owned 
in common). This total value as diminished by the specified values 
gives (in the corresponding cases) the value of commodity in the 
hands (of each of the proprietors in turn). 

An example in illustration thereof. 

180 to 182. Four merchants who had invested their money m 
common were asked each separately by the customs officer what 
the value of the commodity (they were dealing in) was ; and one 
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eminent merchant (among them) , deducting his own investment, 
said that that (value) was in fact 22. Then another said that it 
was 23 ; then another said 24; and the fourth said that it was 27 ; 
(in saying so) each of them deducted his own invested amount 
(from the total value of the commodity for sale). 0 friend, tell 
me separately the value of the (share in the) commodity owned 
by each* ,■ ' : ' ■ ' ';. v -■ 

The rule for arriving at equal amounts of wealth, (as owned 
in precious gems,) after mutually exchanging any desired number 
of gems : — 

163. The number of gems to be given away is multiplied by 

the total number of men (taking part in the exchange). This 
product is (separately) subtracted from the number (of the gems) 
for sale (owned by each) ; the continued product of the remainders 
(so obtained) gives rise to the value of the gem (in. each case), 
provided the remainder relating to it is given up (in obtaining 
such a product). vyyyyvr/; ; 

Examples in illustration thereof . 

164. The first man had 6 azure-blue gems (of equal value), the 
second man had 7 (similar) emeralds, and the other — the third 
man — had 8 (similar) diamonds. Each (of them), on giving to 
each (of the others) the value of a single gem (owned by 
himself), became equal (in wealth- value to the others. What is 
the value of a gem of each variety ?) 

165 and 166. The first man has 16 azure-bine gems, the 
second has 10 emeralds, and the third man has 8 diamonds. Each 
among them gives to each of the others 2 gems of the kind owned 
by himself ; and then all three men come to be possessed of equal 


168. Let. m, n, p, be respectively the numbers of the three binds of gems 
owned by three different persons, and a the number of gems mutually exchanged j 
and let x, y , ss, be the value in order of a single gem in the three varieties 
concerned. ■ 

Then it may be easily found out as required that v = ( n — 3a) (p — Sat j 
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wealth. Of what nature are the prices of those azure-blue gems, 
emeralds, and diamonds ? 

The rule lor arriving at the (value of the) invested capital by 
means of the rate of purchase, the rata of sale, and the profit 

obtained : — 

167. The 'buying and the selling rate-measures of the com- 
modity are eaoh multiplied alternately by the rate-prices ; (the 
product obtained with the help of) the buying rate-measure is 
divided by (the other product obtained with, the aid of) the selling 
rate-measure. The profit, divided by the resulting quotient as 
diminished by one, gives rise to the originally employed capital 
amount 

jd'}i ecoample in illustration thereof. 

168. A merchant buys at the rate of 7 prasthm of graiu for 3 
pams, and sells it at the rate of 9 pradhas for 5 panas, and makes 
a profit of 72 pams. What is the capital employed in this tran- 

saetion ? 

Thus ends Sakala-kiii&kam in the chapter on mixed problems. 


Suvarna-Irnttikafti 

Hereafter wo shall explain that kuttikdra which consists of 
calculations relating to gold. 

The rule for arriving at the varna of the resulting mixed gold 
obtained by putting together (different component varieties of) 
gold of (various) desired varnas 

169. It has to be known that the (sum of the various) products 
of (the various component quantities of) gold as multiplied by 
(their respective) varnas^ when divided by (the total quantity of) 


167 . If ih© buying rate is a things for b, and the selling rate is c things for 
■£ v .and if m is the gain by the transaction, then the capital invested is — 
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the mixed gold. gives rise to the (resulting) varna. (The original 
warm of any component part thereof), when divided by the latter 
resulting varna (of the mixed up whole), and multiplied by the 
(given) quantity of gold (in that component part), gives rise to 
(that) corresponding quantity of (the mixed) gold (which is equal 
in value to that same component part 'thereof).' ; 

An example in illustration thereof . 

170 to 171-J. There are 1 part (of gold) of 1 varna, 1 part of 2 
varnas , 1 part of 3 varnas , 2 parts of 4 varnas , 4 parts of 5 varnas, 

7 parts of 14 varnas . and 8 parts of 15 varnas. Throwing these into 
the fire, make them all into one (mass), and then (say) what the 
varna of the mixed gold is. This mixed gold is distributed among 
the owners of the foregoing parts. What does each of them get ? 

The rule for arriving at the required weight of gold (of any 
desired varna equivalent in value to given quantities of gold) of 
given varnas : — 

172 J . The given quantities of gold are all (separately) multi- 
plied by their respective varnas , and the products are added. The 
resulting sum. is divided by the total weight of the mixed gold ; 
the quotient is to be understood as the resulting average varna. 
This (above-mentioned sum of the products) is separately divided 
by the desired varnas (to arrive at the required equivalent weight 
of this gold). 

' 'Examples in illustration thereof. 

173*: Twenty papas (in weight of gold) of 16 varnas have been 
exchanged for (gold of) 10 varnas in quality ; you give out how 
many purmas (in weight) they become now. 

174-J-. One hundred and eight (in weight of) gold of Ilf varnas 
is exchanged for (gold of) 14 varnas. What is the (equivalent 
quantity of this new) gold ? 

The rule for finding out the unknown mrna 

175 j. From, the product obtained by multiplying the total 
quantity of gold by the resulting varna of the mixture, the ium of 
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the products obtained by multiplying tne (several component) 
quantities of gold by (their respective varnas ) is to be subtracted. 
The remainder, when divided by the known component quantity of 
„old (the varna of which is to be found out), gives rise to the 
reqnhed varna ■ and when divided by the difference between the 
resulting varna and the known varna (of an unknown component 
quantity of gold) gives rise to the (required weight of that) gold. 

Another rule in relation to the unknown varna 

176^ The sum of the products of the (various component 
quantities of) gold as multiplied by their respective varnas is to be 
subtracted from the product of the total quantity of gold as multi- 
plied by the resulting varna. Wise people say that this remamdei 
when divided by the weight of the gold of the unknown variu 
/viroa Y-1CA +n the required varna. 


Examples in illustration thereof . 

177 1- and 178. With gold of 6, 4 and 8 (in weight) , characterised 
respectively by 13- 3 and 6 as their varnas, 6 in weight of gold of 
»n unknown varna is mixed. The resulting varna of the mixed 
gold is 11. 0 you, friend, who know the secrets of calculation) 

tell me the numerical value of this unknown varna. 

179. Seven in weight (of a given specimen) of gold has exactly 
14 as the measure of its varna ; then 4 in weight (of another specimen 
of gold) is added to it. The resulting varna is 10. Give out the 
unknown varna (of this second specimen of gold). 

The rule for arriving at the unknown weight of gold 

180. Subtract the sum, obtained by adding together the 

products of the (various component quantities of) gold as multiplied 
bv their respective varnas , from the product of the sum (of the 
n 1 r,K+ a t At cold as multiplied by the now durable resulting 
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An example in illustration thereof . 

181. Three pieces of gold, of 3 each in weight, and of 2, 3, 
and 4 varnas (respectively), are added to (an unknown weight of) 
gold of 13 varnas . The resulting varna comes to he' 10. Tell 
me, 0 friend, the measure (of the unknown weight) of gold. 


The rule for arriving at (the weights of) gold (corresponding 
to two given varnas) from (the known weight and mrna of) the 
mixture of two (given specimens of) gold of (given) varnas : — 

182. Obtain the differences between the resulting varna (of the 
mixture on the one hand) and the known higher and lower varnas 
(of the unknown component quantities of gold on the other hand) ; 
divide one by these differences (in order) ; then carry out as before 
the operation of pmksepaka (or proportionate distribution with the 
aid of these various quotients). In this manner it is possible to 
arrive even at the value of many component quantities of gold also. 


Again, the rule for arriving at (the weights of) gold (corre- 
sponding to two given varnas) from (the known weight and varna 
of) the mixture of two (given specimens of) gold of (given) 
varnas ; WMSy.rA'/Xfr -kfr '.. f , £ 1 

183. Write down in inverse order the difference between the 
resulting varna and the higher (of the two given varnas of the two 
component quantities of gold), and also the difference between 
the resulting varna and the lower (of the two given varnas). The 
result arrived at by means of the operation of proportionate distri- 
bution (carried out with the aid of these inversely arranged 
differences), — that (result) gives the required (weights of the 
component quantifies of) gold. 
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The rule for arriving at the (weights of) many (component 
quantities of) gold (of known varnas in a mixture of known varna 
and weight) 

185. (In relation to all the known component varnas) excepting 
one of them, optionally chosen weights may he adopted. Then 
what remains should be worked out as in relation to the previously 
given cases by means of the rule bearing upon the (determination 
of an) unknown weight of gold. 

An example in illustration thereof . 

186. The (given) varnas (of the component quantities of gold) 
are(j>, 6, 7, 8, 11. and 13 (respectively) ; and the resulting varna 
is in fact 9; and if (the total) weight (of all the component 
quantities) of gold be 60, what may be the several measures (in 
weight of the various component quantities) of gold ? 

The rule for arriving at the unknown varnas of two (known 
quantities of gold when the resulting varna of the mixture is 
known) : — 

187. Divide one (separately) by the two (given weights of) 
gold ; multiply (separately each of the quotients thus obtained) by 
(the weight of) the (corresponding quantity of) gold and (also) by 
the (resulting) varna ; write down (both the products so obtained) 
in two (different) places ; (each of these In each of the two sets,) 
if diminished and increased alternately by one as divided by (the 


185. The rule i*e£erred to here is found in stanza ISO above. 

187. The rule will become clear by the following working of the problem in • 
stanza 188:— 

1 1 

— * 16 x ii and -- x m x n are written down in two places 
16 10 

11 U 
ttaa : u n 

Then and — are added and subtracted alternately in each of the two 
sets thus: . ■' • ’sy 

and i 11 t- ^ . These give the two sets of answwi. 

Ul + 10 


.11 


11 - 
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known weight of) the corresponding (variety of) gold 
as a matter of course, to the required varnas . 


An example in illustration thereof 1 

188. If, the (component) varnas not being known, the resulting 
varna obtained by means of two (different kinds of) gold weighing 
16 and 10 (respectively) happens to be 11, what would be the 
(respective) varnas of those two (different kinds of) gold ? 

Again, the rule for arriving at the unknown varnas of two 
(known quantities of gold, when the resulting varna of the mixture 
is known) : — 

189* Choose an optional varna in delation to one (of the two 
given quantities of gold) ; what remains (to be found out) may then 
be arrived at as before. In relation to (the known quantities of 
all) the numerous varieties of gold excepting one, the varnas are 
optional ; then (proceed) as before. 


An example in illustration thereof. 

190. On fusing together (two different lands of) gold which 
are 12 and 14 (respectively in -weight), the resulting varna is 
made out to be 10. Think out and say (what) the varnas of those 
two (kinds of gold are). 


An example to illustrate the latter half of the rule. 

191. On fusing together 7, 9, 3, and 10 (in weight respectively 
of four different kinds) of gold, the resulting mixture turns out to 
he (gold of) 12 varnas . Give out tie varnas (of the various 
component kinds of gold) separately. 

The rule regarding how to arrive at (an estimate of the value 
of) the test sticks (of gold) : — 

192. The varna of every stick is fco be separately divided by 
the (given) maximum varna , and (the quotients so obtained) are 
(all) to be added together. The resulting sum gives (the measure 
of) the required, quantity of (pure) gold. From the summed up 
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(weight of all the) sticks, this is to he subtracted. What remains is 
(the quantity of) the prapurantka (that is, the quantity of the baser 
metal mixed). 

An example in illustration thereof. 

193 i 96 i. (Three) merchants, well acquainted, with the vama 

of gold, were desirous of making test sticks of gold, and produced 
(soi, golden sticks. The gold of the first (merchant,) was of 12 
varnas ; (that of the second was of) 14 varnas ; and that of the 
third was of 16 varnas. The (various specimens of the test 
sticks of) gold in the case of the first (merchant) were (regularly) 
less by 1 (in varna) ; those of the second were less by | and £ ; and 
those of the third were (in regular order) less by J. (The speci- 
mens of test gold) possessed by the first (merchant) began with 
that of (his) maximum varm and ended with that of 1 varm y 
t similarly, those of the second began with that of his maximum 
mrm and) ended with that of 2 varnas ; and those of the third 
merchant (began with that of his maximum varm and) ended 
with that of 8 varnas. Every test stick is 1 mam in weight. 0 
mathematician, if yon indeed know gold calculation, tell me 
nnri ennn what, the measure of pure gold here is, and 



CHAPTER VI— MIXED PROBLEMS, 


gold obtained in exchange as multiplied by the second of the 
specified varum of the exchanged gold — these two differences) have 
to be written down. If then, they are altered in position and 
divided by the difference be Ween the (two specified) varnas (of 
the two varieties) of the exchanged gold, the result happens to be 
the (two required) quantities (of the two kinds) of gold (obtained 
in exchange). 

An example in illustration thereof , . 

198 J. Seven hundred in weight of gold characterised by 16 
varnas produces, on being exchanged, 1,008 (in weight) of two 
kinds of gold characterised (respectively) by 12 and 10 varnas* 
Now, what is the weight (of each of these two varieties) of gold? 

The rule for finding out the (various weights of) gold obtained 
as the result of many (specified) kinds of exchange : — 

1 99J. If the (given) “Weight of gold (to be exchanged) as 
multiplied by, the varna (thereof) is divided by (the quantity of) 
the desired gold (obtained in exchange), there arises the uniform 
average varna, On carrying out (further) operations as mentioned 
before, the result arrived at gives the required weights of the 
various kinds of gold obtained in exchange. 

An example in illustration thereof* 

200J-201. In the case of a man exchanging 300 in weight of 
gold characterised by 14 varnas , the gold (obtained in exchange) 
is seen to be altogether 500 in weight, (the various parts whereof 
are respectively) characterised by 12, 10, 8 and 7 varnas * What 
is the weight of gold separately corresponding to each of these 
(different) varnas ? 

The rule for arriving at (the various weights of) gold obtained 
in exchange “which are characterised by known varnas and are 
(definite) multiples in proportion ; — 

202-203. The sum of the (given) proportional multiple num- 
bers is to be divided by the sum of the products (obtained) by 


199f, The operation which is stated here as having been mentioned before 
is what is given in stanza 185 above. 
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multiplying the (given proportional quantities of the various kinds 
of the exchanged) gold by (their respective specified) varnas. 
(The resulting quotient) is to be multiplied by the original varna 
(of the gold to be exchanged). If by this product as diminished 
by one, the increase (in the weight of gold due to exchange) is 
divided, and the quotient (so obtained) is subtracted from the ori- 
ginal wealth of gold, the remaining (weight of an exchanged) gold 
is arrived at. This (weight of the uuexchanged gold) is then to 
be subtracted from the sum (of the weight) of the original gold 
and the increase (in weight due to exchange). Then if the result- 
ing remainder (here) is divided by the sum of the proportional 
multiple numbers connected with the exchange, and is then 
multiplied by (each of those) proportioned numbers (separately), 
the (various weights of) gold obtained in exchange and charac- 
terised by the specified varnas and the specified proportions are 
arrived at. 

An example in illustration thereof. 

204 — 205. There is a certain merchant desirous of obtaining 
profit ; and the gold (in his possession) is of 16 varnas and 200 in 
weight. A portion of it is exchanged in return for (four different 
kinds of) gold characterised respectively by 12, 8, 9 and. 10 varnas, 
(so that those varieties of gold are by weight) in proportions which 
begin with 1 and are then (regularly) multiplied by 2. The gain 
(in the weight of gold resulting out of this exchange transaction) 
is 102. What is the remaining (weight of the unexchanged) 
geld ? Tell me also the weights of gold obtained in exchange 
corresponding to those (above-mentioned varnas ). 

. The rule for arriving at (the weight of) the original (quantity 
of) gold with the aid of the gold exchanged (in part), and with the 
aid (of the weight) of gold seen to be in .excess (in consequence 
of the exchange) : — 

206. Each specified part of (the original) gold (to be ex- 
changed) is divided by the varna corresponding to its exchange. 
(The resulting quotient is in each case, to be) multiplied by the 
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optionally chosen varna (of the originally given gold; and then 
all these products are to be added). From this sum, the sum of 
the (various) fractional (exchanged) parts (of the original gold) 
is to be subtracted. (If now) the observed excess (in the weight of 
gold due to the exchange) is divided by this resulting’ remainder, 
what comes out here happens to he the original wealth of gold. 

An example in illustration thereof. 

207-208. A certain small ball of gold of 16 varnas belonging 
to a merchant is taken ; and J and parts thereof are in order 
exchanged for (different kinds of) gold characterised (respectively) 
by 12, 10 and 9 varnas. (The weights of these exchanged varie- 
ties of gold are) added to what remains (unexchanged) of .the 
original gold. Then 1,000 is observed to be in excess on removing 
from the account the weight of the original gold. What then is 
(the weight of this) original gold ? 

The rule for arriving at the desired varna, with the help of the 
(mutual) gift of a desired fractional part of the gold (owned by the 
other), and also for arriving at the (weights of) gold (respectively) 
corresponding to those optionally gifted parts: — 

209 to 212. One divided by (the numerical measure of each of 
two specifically gifted) | parts is to he noted down, in reverse order; 
and (if each of the quotients so obtained is) multiplied by an 


209 — 212. The rote will be clear from the following’ working of the problem 
in 213 *~21 5 : — 

Dividing’ 1 by -h and §, we get respectively 2, 3 ; altering their position and 
multiplying them by any optionally chosen number, say I, we get % 2. 
These two numbers represent the quantities of gold owned respectively by the 
two merchants. 

Choosing 9 as the varna of the gold owned by the first merchant, we can 
easily arrive, from the exchange proposed by him, at 13 as the varna of the gold 
owned by the second merchant. These varnas, 9 and 13, give, in the exchange 
proposed by the second merchant, the average varna of s |, while the average 
varna as given in the sum has to be 12 or 

Therefore the varnas 9 and 13 have to be altered. If 3 is chosen instead of 
9, 13 has to be increased to 16 In the first exchange. Using these two varna*, 
8 and 16, in the second exchange, we obtain ¥ as the average varna* instead of 
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Thus, in the second exchange, \vq see an increase o £ 40-35 or 5 in the sum 
cf tho products of weight and varna ^ while the decrease and the increase in 
relation to the origin ally chosen varnas are 9— 8 or 1 and 10—13 or 3. 

But the required increase in the sum of the products of weight and varna 
the second exchange is 36— 35 or 1. Applying the Kule of Three, we get the 
corresponding decrease and increase in the varnas to he l and §, 

Therefor©, the varnas are 9— | or 8 f and’l3-t*f or 13f. 
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optionally chosen quantity , (it) gives rise to (the weights of each 
of the two small) balls of gold. The varna (of each) of these 
(little balls of gold) as also that of the gold gifted by the other 
person (in the transaction) has to be arrived at as before with the 
aid of the (given) final average varna (in each ease). If in this 
manner both sets of answers (arrived at) happen to tally (with the 
requirements of the problem), the two varnas arrived at in 
accordance with the previously adopted option become the verified 
varnas mentioned in relation to the two (given) little balls of gold. 
If* (however, these answers do) not (tally), the varnas belonging 
to the first set (of answers) have to be made (as the ease may he) 
a little less or a little more ; (then the average varna corresponding 
to these modified component varnas has to be further obtained). 
Thereafter, the difference between this (average) varna and the 
previously obtained (imtallying average) varna is written down ; 
(and the required proportionate quantities) are (therefrom) derived 
by means of the operation of the Buie of Three : and the varnas 
(arrived at according to the option chosen before, when respect- 
ively) diminished by one of these two quantities and increased 
by the other, turn out to he evidently the required varnas (here). 

An example in illustration thereof. 

213 — 215. Two merchants well versed in estimating the 
value of gold asked each other (for an exchange of gold). Then 
the first (of them) said to the other- — If you give me half (of your 
gold), I shall combine that small pellet of gold with my own gold 
and make (the whole become gold of) 10 varnas A Then this other 
said"— ft If I only obtain your gold by one-third (thereof ), 
I shall likewise make the whole (gold in my possession become 
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gold of) 12 varnas with the aid of the two pellets.” 0 you, who 
know the secret of calculation, if you possess cleverness in relation 
to calculations bearing upon gold, tell me quickly, after thinking 
out well, the measures of the quantities of gold possessed by both 
of them, and also of the varms (of those quantities of gold). 

Thus ends Suvarna-kutfikdra in the chapter on mixed problems 


,210. The rationale of this rule will be clear from, the following algebraical 
representation of the problem given in stanza 217 below : — 

Let a bo the total number of persons of whom b are liked. The number of 
utterances is a, and each statement refers to a persons. Hence the total number 
of statements is a x a or a 3 . 

ISToWj of these a persons, b are liked, and a~b are not liked. When each 
of the b number of persons is told — “ Von alone are liked , '* the number of 
untruthful statements in each case is b — 1. Therefore, the total number 
of untruthful statements in b statements is b (6 — 1) 

When, again, the same statement is made to each of the a — b persons, the 
n timber of untruthful statements in each ease is b -el, Therefore, the total 
number of untruthful statements in a — b utterances is (a — b) (6 + 1) . * H . 

Adding I and II, we get b (b — 1) + (a — b) (b + !)=?=«(&+ 1)— -26. 
This represents the total of untruthful statements; and on suFtmeffhg 1 if ffohT 
a 2 s pditeh is the measure of all the statements, truthful and untruthful, we 
arrive obviously at the measure of the truthful statements. 
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An example in illustration thereof. 

217. There 'are five lustful men. Among them three are in 
'fact liked by a public woman. She says (separately) to each 
■ (of them) I like you (alone)’ 5 . How many (of her statements., 

explicit as well as implicit) are true ones F 

The rule regarding the (possible) varieties of combinations 
(among given things) 

218. Beginning with one and increasing by one , let the 
numbers going up to the given number of things be written down 
in regular order and in the inverse order (respectively) in an 
upper and a lower (horizontal) row. (If) the product (of one, 
two, three, or more of the numbers in the upper row) taken 
from right to left (be) divided by the (corresponding) product 
(of one, two, three, or more of the numbers in the lower row) 
also taken from right to left, (the quantity required in each such 
case of combination) is (obtained as) the result. 

Examples in illustration thereof. 

219. Tell (me) now, 0 mathematician, the combination 
varieties as also the combination "quantities of the tastes, viz., the 
astringent, the hitter, the sour, the pungent, and the saline, 
together with the sweet taste (as the sixth). 

220. 0 friend, you (tell me quickly how many varieties 
there may be, owing to variation in combination, of a (single 
string) necklace made up of diamonds, sapphires, emeralds, corals, 
and pearls. 

221 . 0 (my) friend, who know the principles of calculation, tell 
(me) how many varieties there may be, owing to variation in 
combination, of a garland made up of the (following) flowers — 
ketaki, asoka , campaka , and nildipala. 

218. This rule relates to a problem in combination. The formula given 
here is fk-fo !)• t M ~ 1 L_J l • and this is obviously equal 
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The rule to arrive at (the unknown) capital with the aid of 
certain known and unknown profits (in a given transaction) ; — 

222. By moans of the operation of proportionate distribution, 
the (unknown) profits are to he determined from the mixed stun 
(of all the profits) minus the (known) profit. Then the capital of 
the person whose investment is unknown results from dividing 
his profit by that (same common factor which, has been used in 
the process of proportionate distribution above). 

An example in illustration thereof 

228-225. According to agreement some three merchants 
carried out (the operation of) buying and selling. The capital of 
the first (of them) consisted of six pur anas, that of the second 
of eight pur anas, but that of the third was not known. The profit 
obtained by all those (three) men was 96 pur anas. In fact the 
profit obtained by him (this third person) on the unknown capital 
happened to be 40 purdnas. What is the amount thrown by him 
(into the transaction), and what is the profit (of each) of the other 
two merchants ? 0 friend, if you know the operation of pro- 

portionate distribution, tell (me this) after making the (necessary) 
calculation. 

The rule for arriving at the wages (due in kind for having 
carried certain given things over a part of the stipulated. distance 
according to a given rate) : — 

226. From the square of the product (of the numerical value) 
of the weight to be carried and half of the (stipulated distance 

22 G. Algebraically, the formula given in the rule is : 

— - /TEpV 

_ JS. ^ where a? = wages to be found out, 

' J> -d } ; ; 

o = the total weight to be carried, D = the total distance, d the distance gone 
over, and. b = the total wages promised. It may he noted here that the rate of 
the wages for the two stages of the journey is the same, although the amount 
paid for each stage of the journey is not in accordance with the promised 
rate for the whole journey. 

The formula is easily derived from the following equation containing the 
data in the problem : — 

. . . .v . : // — a? 

{D ***dy ■ 
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measured in) ydjana , subtract the (continued) product of (the 
numerical value of) the weight to be carried, (that of the stipu- 
lated) wages, the distance already gone over, and the distance 
still to be gone over. Then, if the fraction (viz., half) of the 
weight to be carried over, as multiplied by the (whole of the 
stipulated) distance, and then as diminished by the square root of 
this (difference above mentioned), be divided by the distance still 
to be gone over, the required answer is arrived at. 

An example in illustration thereof \ 

227. Here is a man who is to receive, by carrying 22 jack- 
fruits over I ydjana , 7| of them as wages. He breaks down at 
half the distance. What (amount within the stipulated wages) 
is (then) due to him ? 

The rule for arriving at the distances in yojanas (to be 
travelled over) by the second or the third weight-carrier (after the 
first or the second of them breaks clown) : — 

228. From the product of the (whole) weight to be carried as 
multiplied by the (value of the stipulated) wages, subtract the 
square of the wages given to the first carrier. This (difference has 
to be used as the) divisor in relation to the (continued) product of the 
difference between the (stipulated) wages (and the wages already 
given away), the (whole) weight to be carried, and the (whole) 
distance (over which the weight has to be carried. The resulting 
quotient gives rise to) the distance to be travelled over by the 
second (person). 

An example in illustration thereof . 

229. A man by carrying 24 jack-fruits over (a distance of) 
five yojanas has to obtain 9 (of them) as wages therefor. When 
6 of these have been given away as wages (to the first carrier), 
what is the distance the second carrier has to travel over (to 
obtain the remainder of the stipulated wages) ? 

228. Algebraically 2? — & = which, can he easily foond oat from 

a 6 — a; 2 

.the equation in the last note. 



233—235. In the problem given in 236—237, let as, y, % represent the moneys 
on hand with the three merchants, and -a the money in the purse. 

Ihen n + » — a (y + 0) I w k ere a? ^ c represent the multiples 

M + y 5 (* + «) gi Yen in tile problem. 

u-hz = c{x + y)j 

Now tt + x + y + % = (a * 1) (y + *) 

. = (6 + 1) (z 4* a?) 

= (e + 1) (x+p)* 


The rule for arriving at (the value of) the wages corresponding 
to the various stages (over which varying numbers of persons 
carry a given weight) : — : 

230. The distances . (travelled over hy the various numbers 
of men) are (respectively) to be divided by the numbers of the 
men that are (doing the work of carrying) there. The quotients 
(so obtained) have to be combined so that the first (of them is 
taken at first separately and then) has (1, 2, and 3, etc., of) the 
following (quotients) added to it. (These quantities so resulting 
are to be respectively) multiplied by the numbers of the men that 
turn away (from the journey at the various stages. Then) by- 
adopting (in relation to these resulting products) the process of 
proportionate distribution ( praksepaka ), the wages (due to the men 
leaving at the different stages) may be found out. 

An example in illustration thereof. 

231-232. Twenty men have to carry a palanquin over (a 
distance of) 2 yojanas , and 720 dinaras form their wages. Two 
men stop away after going over two hrosas ; after going over two 
(more) kronas^ three others (stop away); after going* over half of 
the remaining distance, five men stop away. What wages do they 
(the various bearers) obtain ? 

The rule for arriving at (the value of the money contents of) 
a purse which (when added to what is on hand with each of 
certain persons) becomes a specified multiple (of the sum of what 
is on hand with the others) : — 

233-235. The quantities obtained by adding one to (each of 
the specified) multiple numbers (in the problem, and then) 
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multiplying these sums with each other, giving up in each case 
the sum relating to the particular specified multiple, are to he 
reduced to their lowest terms by the removal of common factors, 
(These reduced quantities are then) to be added. (Thereafter) 
she square root (of this resulting sum) is to he obtained, from which 
om is (to be subsequently) subtracted. Then the reduced quantities 
referred to above are to be multiplied by (this) square root as 
diminished by one . Then these are to be separately subtracted 
from the sum of those same reduced quantities. Thus the moneys 
on hand with each (of the several persons) are arrived at. These 
(quantities measuring the moneys on hand) have to be added to 
one another, excluding from the addition in each ease the value of 
the money on the hand of one of the persons ; and the several sums 
so obtained are to be written down separately. These are (then 


where T 


Similarly, 


and. x + y) = (s+1) (fe + 1) . . . III. 

Adding I, II and III, 

t - lAin 1 ) ( c + 1 ) x 2 (* + n + s) = (/, + !) (c + 1) 

+ (c + 1) (a •+ 1) f (a + 1) (i + I) 

= S (say) IT 

Subtracting separately I, 31, III, each multiplied by 2, from IV, we have- 


X 2, = 8 - 2 (a + 1) {h + l\ 

,\x:y:z: : S-2 (b + 1) (* + 1) : S-2 (c + l) (a + 1) : S-2 (a+1) (6 + 1). 

By removing the common factors, if any, in the right-hand side of the pro- 
portion, we get at the smallest integral values of x } y, z. 

This proportion is given in the rule as the formula. 

It may be noted that the square root mentioned in the rule has reference 
only to the problem given in the stanzas 236-237. Correctly speaking, instead 
of “ square root”, we must have 4 3 \ 

It can be seen easily that this problem is possible only when the sum of 
111 

any two ol rrr. 9 TT is greater than the third. 
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to be respectively) multiplied by (the specified) multiple quantities 
(mentioned above) ; from the several products so obtained the 
(already found out) values of the moneys on hand are (to be 
separately subtracted). Then the (same) value of the money 
in the purse is obtained (separately in relation to each of the 
several moneys on hand). . 

An example in illustration thereof \ 

236-237. Three merchants saw (dropped) on the way a purse 
^containing money). One (of them) said (to the others), “ If I 
secure this purse, I shall become twice as rich as both of you with 
your moneys on hand/ 5 Then the second (of them) said, “ I shall 
become three times as rich.” Then the other, (the third), said, 

“ I shall become five times as rich/’ What is the value of the I 
money in the purse, as also the money on hand (with each of the j 
three merchants) ? 

The rule to arrive at the value of the moneys on hand as 
also the money in the purse (when particular specified fractions 
of this latter, added respectively to the moneys on hand with each 
of a given number of persons, make their wealth become in each 
case) the same multiple (of the sum of what is on hand) with ail 
(the others) 

238. The sum of (all the specified) fractions (in the problem) 

— the denominator being ignored — is multiplied by the (speci- 
fied common) multiple number. From this product, the products 
obtained by multiplying (each of the above-mentioned) fractional 
parts (as reduced to a common denominator, which is then ignored), 
by the product of the number of eases of persons minus one and 
the specified multiple number, this last product being diminished 


238. The formula given in the rule is — 
iC = m (a + 5 + c)-tf (2m — 1), U where as, y, s arc the moneys on hand, m 
y = («t + 6 + c) -S (2m* 1), 1 the common multiple, and a, b, c, the 

and, s — m (& + l> + c) — c (2m ~ X) ? J specified fractional parts given. 

These values can be easily found out from the following equations 
Fa 4 « m (y + s), “ 

Pb 4 y — m (z 4 x), * where P is the money in the ‘purse, 
and Pc 43 = m (ac + y)* 


t . ' • 1 ■ ift ’ 
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by one, are (severally) subtracted. The resulting remainders 
constitute the several values of the moneys on hand. The value 
of the money in the purse is obtained by carrying out operations 
as before and then by dividing by any particular specified 
fractional part (mentioned in the problem)- 

An example in illustration thereof . 

239-240. Five merchants saw a purse of money. They said 
one after another that by obtaining h, 9 , -|, and y\- (respectively) 
of the contents of the purse, they would each become with what 
he had on hand three times as wealthy as all the remaining others 
with what they had on hand together. 0 arithmetician, (you tell) 
me quickly what moneys these had on hand (respectively), and 
what the value of the money in the purse was. 

The rule for arriving at the measure of the money contents of 
a purse, when specified fractional parts (thereof added to what 
may be on hand with one among a number of persons) makes him 
a specified number of times (as rich as all the others with what 
they together have on hand) 

241. The specified fractional parts relating to all others (than 
the person in view) are (reduced to a common denominator, which 
is ignored for practical purposes. These are severally ) multiplied 
by the specified multiple number (relating to the person in view). 
To these products, the fractional part (relating to the person) in 
view (and treated like other fractional parts) is added. The result- 
ing sums are (severally) divided each by its (corresponding 
specified) multiple quantity as increased by one. Then these 
quotients are also added. The several sums (so obtained in relation 


241. The formula given in the rule is- 
' a_4- mb' t .a *f ■ a 4- md 

n + T + q + 1 + ' r 4- 1 “ 

■ b 4- b + no b +• *n& 


y. 


■2)a 


h 


> — 2)o )■ 


(to 4- 1) 
■(»+!) 


TO + 1 q 4* 1 r 4- 1 * * * 

and so on ; where ts, y, . . . are moneys on hand $ a, 6, c, d, 

fractional parts; to, n, q t r, . . . various multiple numbers; and s the 

number of persons concerned in the transaction. 
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to the several eases) are diminished by the product of the particular 
specified fractional part as multiplied by the number of eases less 
by two. The difference is divided by the particular specified 
multiple quantity as increased by one. The result is the money on 
hand (in the particular case). ■ ■ ' - . , • 


Examples in illustration thereof . 

242-243. Two travellers saw a purse containing money 
(dropped) on the way. One of them said (tojhe other), “ By secur- 
ing half of this money (in the purse), I shall become twice as rich 
(as you). 7 " The other said, “ By securing two-thirds (of the money 
in the purse), I shall, with the money T have on hand, have three 
times as much money as what you have on hand.” What are the 
moneys on hand, and what the money in the purse ? 

244-244 Two travellers saw on the way a purse containing 
money ; and the first of them, took it up and (said, that) that money 
along with the money that he had on hand became twice the 
money of the other (traveller. This) other (said that that money 
in the purse with the aid of what he had on hand would be) three 
times (the money in the hand of the first traveller). What is the 
money on hand (in the case of each of them), and what the money 
in the purse? ■ ' 

245^-247. Four men saw on the way a purse containing money. 
The first among them said, “If I secure this purse, I shall with 
the money already on hand with me become (possessed of money 
which will be) eight, times (the money on hand with the remaining 
travellers).” Another (said, that the money in the purse with 
what he had on hand) would be nine times the money on hand with 
the rest (among them). Another (said that similarly he) would 
be possessed of ten times the money, and another (that he) would 
be possessed of eleven times the money. Tell me quickly, 0 
mathematician, what the money in the purse was and how much 
the money in the hand of each of them was. 

248. Four men saw on the way a purse containing money. 
(Then), with what each of them had on hand, the and i 

parts (respectively) of this (money in the purse) became twice, 
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thrice, five times and four times (that money which the others 
together had on hand. What is the money in the purse, and what 
the money on hand with each of them ?) 

249-2 50 1 . Three merchants saw on the way a purse containing 
money. The first among them said. “ Jf I get | of this money 
in the purse, I shall (with what I have on hand) become (possessed 
of) twice (the money on- hand with) both of yon.’- Another said 
that, if he secured \ part of the money in the purse, he would 
with the money on hand with him (become possessed of) thrice 
(the money on hand with the others). The third man said, cc If 
I obtain \ of this (money in the purse), I shall become possessed 
of four times the money (on band with both of you). 5 ’ Tell me 
quickly, 0 mathematician, what the money on hand with each of 
them was, and what was the money in the purse. 

The rule for arriving at the money on hand, which, with the 
moneys begged (of others), becomes a specified multiple (of the 
money on hand with, the others) : — 

251|~252A The sums of the moneys begged are multiplied 
each by its own corresponding multiple quantity as increased by 
one. With the aid of these (products) the moneys on hand are 
arrived at according to the rule given in stanza 241. These 
quantities (so obtained) are reduced so as to have a common 
denominator. Then they are (severally) divided by the sum as 
diminished by unity of the specified multiple quantities (respect- 
ively) divided by (those same) multiple quantities as increased by 
one. (The resulting quotients) themselves should be understood 
to be the moneys on hand v with the various persons). 


251 252f. Algebraically, 

j (a. + 5) +m {c + d) («, + 1) (a + 5) (m + 1) +m (/+ g) (p + 1) 

L • 1 + — — 7 + r + 

etc.— (*— 2) (a + b) (w + 1) j 4 - (to + 1) ]-*■ 

/ m n + jp \ 

* 9» + l + » + l pi- i / 

Similarly for y, z, etc. Here a, b i c } d ,/, g, are sums of money begged of 
each other. 
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Examples in illustration thereof, 

258- |~255J. Three merchants begged money from the hands 
of each other. The first begged 4 from the second and 5 from 
the third man. and became possessed of twice the money (then on 
hand with both the others). The second (merchant) begged 4 
from the first and 6 from the third, and (thus) got three times the 
money (held on hand at the time by both the others together). 
The third man begged 5 from the first and 6 from the second, and 
(thus) became 5 times (as rich as the other two). 0 mathe- 
matician, if yon know the mathematical process known as ciira- 
kuttikdra- m Ur a , tell me quickly what may be the moneys they 
respectively had on hand. 

256-J-258J. There were three very clever persons. They 
begged money of each other. The first of them begged 12 from 
the second and 18 from the third, and became thus 3 times as 
rich as these two were then. The second of them begged 10 from 
the first and 13 from the third, and thus became 5 times as rich 
(as the other two at the time). The third man begged 12 from 
the second and 10 from the first, and became (similarly) 7 times 
as rich. Their intentions were fulfilled. Tell me, 0 friend, after 
calculating, what might be the moneys on hand with them. 

The rule for arriving at equal capital amounts, on the last man 
giving (from his own money) to the penultimate man an amount 
equal to his own, (and again on this man doing the same in relation 
to the man who comes behind him, and so on) 

259- |. One divided by the optionally chosen multiple quantity 
(in respect of the amount of money to be given by the one to the 
other) becomes the multiple in relation to the penultimate 
man’s amount. This (multiplier) increased by one becomes the 
multiplier of the amounts (in the hands) of the others. The 


259-|. The rule will be clear from the following working of the problem 
given in st. 283| 

1 -ef or 2 is the multiple with regard to the penultimate man’s amount j 
this 2 combined with 1* i.e. } 3 becomes the multiple in relation, to the amounts 
of the others. 
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amount of the last person (so arrived at) is to have one added to 
it. This is the process to be adopted. 

Exanvphs in illustration thereof , 

260£~261 Three sons of a merchant, the eldest., the middle, 
and the youngest, were going out along a road. The eldest son 
gave out of his capital amount to the middle son exactly os much 
as the capital amount of (that same) middle son. This middle son 
gave (out of his amount) to the last son just as much as he had, 
(In the end), they all became possessed of equal amounts of money, 
0 mathematician^ think out and say what amounts they (respect- 
ively) had (with them) on hand (to start with). 

262|. There were five sons of a merchant. From the eldest (of 
them) the one next to him obtained as much money as he himself 
had on hand. All others also did accordingly (each one giving to 
the brother next to him as much as he had on hand. In the end) 
they all became possessed of equal amounts of money. What 
were the amounts of money they (respectively) had on hand (to 
start with) ? 


263-|-. Five merchants became possessed of equal amounts of 
money after each of them gave out of his own property to the one 
who went before him half of what he possessed. Think out and 



Now ... 1,1, 

Multiplying tlie penultimate 1 by 2 and the 


other by 8, we get ... ... ... ... 2,8. 

Adding 1 to the last ... ... ... ... 2,4. 

Write down 2, 4, 4. 

Multiply the penultimate 4 by 2, and the 

others by 3, and add I to the last 0, 8, 13. 

Again 6,8,13,13. 

Repeating the same operations as above we 

get ... ... ... ... 18,24,26,40. 

54, 72, 78, 80, 121. 

The figures in. the last row represent the amounts lathe hands of the 5 
merchants. 

Algebraically— 

' = lb ~ ie 

= = f a - if 

= I /; where, a, b } <?, d, / are the amounts on hand with the 5 merchants. 
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say what amounts of money they (respectively) had on hand (to 
start with), 

264-i, There were six merchants. The elder ones among them 
gave in order, out of what they respectively had on hand, to those 
who were next younger to them exactly two-thirds '(of what they 
respectively had on hand). Afterwards, they all became possessed 
of equal amounts of money. What were the amounts of money 
they 'severally! had on hand (to start with) ? 


The rule for arriving at equal amounts of money on hand, 
after a number of persons give each to the others among them 
as much as they (respectively) have (then) on hand 

265|. One is divided by the optionally chosen multiple quantity 
(in the problem). (To this), the number corresponding to the men 
(taking part in the transaction) is added. The first (man’s) amount 
(on hand to start with is thus arrived at). This (and the*, results 
thereafter arrived at) are written down (in order), and each of them, 
is multiplied by the optional multiple number as increased by one ; 
and the result is then diminished by one. (Thus the money on 
hand with each"; of the others (to start with is arrived at). 

Examples in illustration thereof \ 

268 Each of three merchants gave to the others what each of 
these had on hand (at the time). Then they all became possessed 
of equal amounts of money. What are the amounts of money 
which they (respectively) had on hand (to start with)? 


265| . -Hie rule will be clear from the following working of the problem 
given in st. 266! ' \ ' 70 /;" ■/; 

1 , divided by the optionally chosen multiple I, and increased by the number 
of persons, 8 , gives 4 ; this is. the money in the hand of the first naan. 

This 4), multiplied by the optionally chosen multiple, 1, as increased by 
1, becomes 8 j when 1 is subtracted from this, we get 7, which is the money on 
hand with the second person. 

This 7, again, treated as above, Le.„ multiplied by 2 ami then diminished 
by 1 , gives IS, the money on hand with the third man. 

This solution can be easily arrived at from the following equations i— 

4 (a ~ h — c ) = 2 I 26 - (a-r*. b — c) — 2c f = 4c — 2 (a — h -* c) 
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■ money 


267J-. There were four merchants. Each of them obtained 
from the others half of what he had on hand (at the time of the 
respective transfers of money). Then they all became possessed 
of equal amounts of money. What is the measure of the 
(they respectively had), on hand (to start with) f 

The rule for arriving at . the gain derived (equally) from 
success and failure (in a gambling operation)::— 

268|“-269|- t The two sums of the numerators a nd denominators 
of the (two fractional multiple) quantities (given in the problem) 
have to be written down one below the other in the regular order, 
and (then) , in the inverse order. The;; (summed up) quantities 
(in the first of these sets of two sums) are to be multiplied according 
to the vajrapmmricma- process, by the denominator, and (those in • 
the second set) by the numerator, (of the fractional quantity) 
corresponding to the other (summed up quantity). The results 
(arrived at in relation to the first set) are written down in the 
form of denominators, and (those arrived at in relation to the 
second set are written down) in the form of numerators : (and the 
difference between the denominator and numerator in each set is 
noted down). Then by means of these differences the products 
obtained by multiplying (the sum of) the numerator and the 
denominator (of each of the given, multiple fractions in the 
problem) with the denominator of the other are (respectively) 
divided. These resulting quantities, multiplied by the value of 
the desired gain,, give in the inverse order the measure of the 
moneys on hand (with the gamblers to state). 

An example in illustration thereof. 

270-272-*-. A great man possessing powers of magical charm 
and medicine saw a cock-fight going on, and spoke separately in 


288|-289|. Algebraically, 

( e ±111 

(c + d) d — (a -f h) c 


x p. and y ■ 


(a + h) d 


(a + b) d — (o + d) a 


x p, where 


* and y are the moneys on band with the gamblers, and ~ t A* 1 , the fractional parts 

h d . ?: 


taken from them, and p the gain. This follows from z — A y = $ s= y 
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confidential language to both the owners of the cocks. He said to 
one ; u If jour bird wins, then you 'give the stake-money to me. 
If, however, you prove unvictorkms. I shall give you two-thirds 
of that stake-money then/ 5 He went to (the owner of) the other 
(cook) and promised to give three-fourths (of his stake-money on 
similar conditions). From both of them the gain to him could he 
only 12 (gold-pieces in each case).. You tell me, 0 ornament on 
the forehead of mathematicians, the (values of the) stake-money 
which (each of) the cock- owners had on hand. 

The rule for separating the (unknown) dividend number, the, 
quotient, and the divisor from their combined' sum : — 

273}-. Any (suitable optionally chosen) number (which has to 
be) subtracted from the (given) combined sum happens to be the 
divisor (in question). On dividing, by this (divisor) as increased 
by one , the remainder (left after subtracting the optionally chosen 
number from the given combined sum), the (required) quotient is 
arrived at. The very same remainder (above mentioned), as dimi- 
nished by (this) quotient becomes the (required dividend) number. 

An example in illustration thereof, 

274J . A certain unknown quantity is divided by a certain 
(other) unknown quantity. The quotient here as combined with 
the divisor and the dividend number is 53. What is that divisor, 
and what (that) quotient P 

The rule for arriving at that number, which becomes a square 
either on adding a known number (to the original number), or 
on subtracting (another) given number (from that same original 
number) ; — 

275}. The sum of the quantity to be added and the quantity 
to he subtracted is multiplied by one as associated with whatever 
may happen to be the excess- above the even number (nearest to 
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that sum). The resulting product is (then) halved and (then) 
squared. (From this squared quantity), the (above-referred-to 
possible) excess quantity is subtracted. The result is divided by 
four, and then combined with one. Then the resulting quantity 
is either added, to or subtracted from (respectively) by the half of 
the difference between the two given quantities as diminished or 
increased by the odd-making excess quantity (above referred to) 
according as the original given quantity to be subtracted is 
greater or less than the original given quantity to be added. The 
result arrived at in this manner happens to he the (required) 
number, which (when associated as desired with the (given) 
quantities) surely yields the square root (exactly). 

Examples in iUmtration thereof. 

276|~. A. certain number when increased by 10 or decreased by 
17 yields an exact square root. If possible, 0 arithmetician, tell 
me quickly that number. 

2771% A certain quantity either as diminished by 7, or as 
added to by 18, yields the square root exactly. 0 arithmetician, 
give it out after calculation. 

27S4‘ A certain quantity diminished by |, or again that same 
(quantity) increased by f , yields the square root (exactly). Tell 
me that quantity quickly, 0 arithmetician, after thinking out 
what it may be. 

The rationale of this may he made out thus : — 

(n + l) e — n 2 == 2 n + 1, an odd number j and (■« + 2) 2 — = 4 n + 4, 

an even number $ where n is any integer. 

From 2 n + i, and 4 n + 4, the rule shows how we may arrive at -n 2 *f a 
when we know 

% ** + b or 4 w 4, to he equal to a + 5. 

278-J. Since the quantities represented by h and ft. in the note on stanza 275-| 
are seen to be fractional in this problem, being actually | and f\ it is necessary 
to have these fractional quantities removed from the process of working out the 
problem in accordance with the given rule. For this purpose tlrny are first 
reduced to the same denominator, and come to be represented by and - 2 s r 
respectively: then these quantities are multiplied by (21)®, so as to yield 294 
and 189, which are assumed to be the b and the a in the problem. The result 
arrived at with these assumed values of b and a is divided by ^l) 2 , and the 
quotient is taken to be the answer of the problem. 
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The rale for arriving at the square root of fan unknown) 
number as increased or diminished by ) a known number 

27eJ. The known quantity which is given is first halved and 
(then) squared and then one is added (to it). The resulting 
quantity either when increased l\v the desired given quantity or 
when diminished by the (same) quantity yields the square root 
(exactly). 


An example in illustration thereof . 

280J, Here is a number which, when increased by 10 or 
diminished by the same 10, yields an exact square root. Think 
out and tell me that number, 0 mathematician. 

The -role for arriving at. the two required square .quantities, 
with the aid of those required quantities as multiplied by a 
known number, and also with the aid of (the same known 
number as forming the value of) the square root of the difference 
(between these products) : — 

28 1|. The given number is increased by one; and the given 
number is also diminished by one. The resulting quantities 
when halved and then squared give rise to the two (required) 
quantities. Then if these be (separately) multiplied by the given 
quantity, the squre root of the difference between these (products) 
becomes the given quantity. 


An example in illustration thereof. 

282J-283. Two unknown squared quantities are multiplied 
by 71. The. square root of the difference between these (two 
resulting products) is also 71. 0 mathematician, if you know 

the process of calculation known as citra-h ultlkdra, calculate and 
tell me what (those two unknown) cpantiti.es are. 


279J. This is merely a particular case of the rule given in stanza 275 1 
wherein a is taken to be equal to b. 

28H. Algebraically, when the given number is d } ^ iff- j and (—gp) 
are the required square quantities. 
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The rule for arriving at the required increase or decrease in 
relation to a given multiplicand and a given multiplier (so as to 
arrive at a given product j , 

284. The difference between the required product and the 
resulting product (of the given multiplicand and the multiplier) 
is written down in two places. To (one of) the factors (of the 
resulting product) one is added, and (to the other) the required 
product is added. That (difference written above in two posi- 
tions as desired) is (severally) divided in the inverse order by 
the sums (resulting thus). These give rise to the quantities that 
are to be added (respectively to the given multiplicand and the 
multiplier) or (to the quantities that are) to be (respectively) 
subtracted (from them). 

Examples in illustration thereof. 

285. The product of 3 and. 5 is 15 ; and the required product 
is 18 • and it is also 14. What are the quantities to be added 
(respectively to the multiplicand and the multiplier) here, or what 
to be subtracted (from them) ? 

The rule for arriving at (the required result by) the process 
of working backwards 

286. To divide where there has been a multiplication, to 
multiply where there has been a division, to subtract where there 
has been an addition, to get at the square root where there has 
been a squaring, to get at the squaring where the root has been 
given— -this is the process of working backwards. 

An example in illustration thereof. 

287. What is that quantity which when divided by 7, (then) 
multiplied by 8, (then) squared, (then) increased by 5, (then) 


284 The quantities jo be added or subtracted are— 


d~ab 
d + b 


and 


d ~ ab 
a *f* 1 


jp 0r ( a m ^ ~ - - \ (b -^2 -.d..— W/djj where a and b are the given factors, 
\ d + b ) \ a "J- 1 / 


d + h 

and d the required multiple* 
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divided by f , (then) halved, and then ■ reduced to its square root, 
happens to be the number 5 P 

The rule for arriving* at (the number, of arrows in a bundle 
with the aid of the even number of) arrows constituting the 
common circumferential, layer (of the "bundle) : — 

288* A.di%three to the number of arrows forming the circum- 
ferential layer ; then square this (resulting sum) and add again 
three (to this square quantity). If this be further divided by 
12, the quotient becomes the number of arrows to be found in the 
handle. 


An example in illustration thereof . 

289. The circumferential arrows are 18 in number. How 
many (in all) are the arrows to be found (in the bundle) within 
the quiver? 0 mathematician, give this out if you have taken 
pains in relation to the process of calculation known as mcitra - 
kuttikdra. 


Thus ends vicitra-kutilkdra in the chapter on mixed problems. 


288. The formula here given to find out the total number of arrows is 
w * iere n * s ^ ie number of circumferential arrows. This formula can 

be arrived at from the following* considerations. It can be proved geometrically 
that only six circles can be described round another circle, all of them being 
equal and each of them touching . its : two neighbouring ' circles as well 
as the central circle j that, round these circles again, only twelve circles of the 
same dimension can be described similarly $ and that, round these again, only 
18 such circles are possible, and so on. Thus, the first round has 6 circles, the 

second 12, the third 18, and so on* So that the number of circles in any 

round, say p, is equal fo G p. 

How, the total number of circles in the given number of rounds p, calculated 
from the central circle, is 1 + 1 x 8 + : 2 x 6 + 8 x 6 + . . . 4- p x 6 = 1 

ft / 1 JL 9. A. £ 4- 4- m\ 1 4- ft ^ .* 1) £5 1 4- S ffi { Vi 4-1). If thft 


value of Gp is given, say, as n } the total number of circles is 1 4- B x — (~^- 
which is easily reducible to the formula given at the beginning of this note. 
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Summation of Series. 

Hereafter we shall expound in (this) chapter on mixed problems 
the summation of quantities in progressive series. 

The rule for arriving at the sum of a series in arithmetical 
progression, of which the common difference is either positive or 
negative : — 

290. The first term is either decreased or increased by the 
product of the negative or the positive common difference and the 
quantity obtained by halving the number of terms in the series as 
diminished by one . (Then,) this is (further) multiplied by the 
number of terms in the series. (Thus.) the sum of a series of terms 
in arithmetical progression with positive or negative common 
difference is obtained. 

j Examples in illustration thereof . 

291. The first term is 14 ; the negative common difference is 
8 ; the number of terms is 5. The first term is 2 ; the positive 
common difference is 6 ; and the number of terms is 8. What is 
the sum of the series in (each of) these cases ? 

The rule for arriving at the first term and the common differ- 
ence in relation to the sum of a series in arithmetical progression, 
the common difference whereof is positive ox negative : — 

292. Divide the (given) sum of the series by the number of 
terms (therein), and subtract (from the resulting quotient) the 
product obtained by multiplying the common difference by the 
half of the number of terms in the series as diminished by one. 
(Thus) the first term (in the series) is arrived at. The sum of the 
series is divided by the number of terms (therein): The first term 
is subtracted (from the resulting quotient) ; the remainder when 
divided by half of the number of terms in the series as diminished 
by one becomes the common difference. 

280'. Algebraically, (’TZjLi? a ^ n = , 9 , where n is the number, of t erraa, 
a the first term, b the common difference, and s fche sum of the series. 

292. Algebraically, aad b =(~ - « } - 




295. The number of women in. this problem is conceived to be equal to the 
number of terms in the series. , - •/ 


296. Algebraically, A 

3 

squares of the natural numbers up to n* 


S* which is the sum of the 
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Examples in illustration thereof. 

293. The sum of the series is 40 ; the number of terms is 5 ; 
and the common difference is 3 ; the first term is not known now. 
(Find it out.) ’When the first term is 2, find out the common 
difference. 

The rule for arriving at the sum and the number of terms 1 in 
a series in arithmetical progression (with the aid of the known 
Mbha. which is the same as the quotient obtained by dividing the 
sum by the unknown number of terms therein) : — 

294. The labha is diminished by the first term, and (then) 
divided by the half of the common difference; and on adding one 
to this same (resulting quantity), the number of terms in the 
series (is obtained). The number -of terms in the series multi' 
plied by the labha becomes the sum of the series. 

An example in illustration thereof . 

295. (There were a number of utpah flowers, representable as 
the sum of a series in arithmetical progression, whereof) 2 is the 
first term, and 3 the common difference. A. number of women 
divided (these) uipala flowers (equally among them). Each woman 
had 8 for her share. How many were the women 3 and how 
many the flowers ? 

The rule for arriving at the sum of the squares (of a given 
number of natural numbers beginniug with one) : — 

296. The given number is increased by one, and (then) squared ; 
(this squared quantity is) multiplied by two, and (then) diminishea 
by the given quantity as increased by one. (The remainder thus 


294. Algebraically, n - 


_ l— a 

''~~T 

2 


-J- 1, where l = 


. which is the Mbfia. 
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arrived at is) multiplied by tie half of the given number. This 
gives rise to tbe combined ' sum ' of the square (of the given 
number), the cube (of the given number), and the sum of the 
natural numbers (up to the given number). This combined sum, 
divided by three , gives rise to the sum of the squares (of the given 
number of natural numbers). 

Examples in illustration thereof. 

297. (In a number of series of natural numbers), the number 
of natural numbers is (in order) 8, 18, 20, 60, 81. and 86. Tell 
roe quickly (in each ease) the combined sum of the square (of the 
given number), the cube (of the given number), and the sum of 
the given number of natural numbers, (Tell me) also the sum of 
tbe squares of the natural numbers (up to the given number). 

The rule for arriving at the sum of the squares of a number of 
terms in arithmetical progression, whereof the first term, the 
common difference, and the number of terms are given : — 

298. Twice the number of terras is diminished by owe, and 
(then) multiplied by the square of the common difference, and is 
(then) divided by six. (To this), the product of the first term 
and the common difference is added. The resulting sum is multi- 
plied by the number of terms as diminished by one. (To the 
product so arrived at), the square of the first term is added. This 
sum multiplied by the number of terms becomes the sum of the 
squares of the terms in the given series. 

Again, another rule for arriving at the sum of the squares of 
a number of terms in arithmetical progression, whereof the first 
term, the common difference, and the number of terms are 
given : — 

299. Twice the number of terms (in the series) is diminished by 
me^ and (then) multiplied by the square of the common difference, 
and (also) by the number of terms as diminished by one . This 

29S. |~ £ -f ah j (« — 1) -b o? J-fi = sum of the squares of the terms in 

a series in arithmetical progression. 


171 


CHAPTER VI— MIXED PROBLEMS. 

product is divided by six. (To this resulting quotient), the square 
of the first term and the (continued product) of the number of terms 
as diminished by one, the first term, and the common difference, 
are added. The whole (of this) multiplied by the number of terms, 
becomes the required result. 

'Examples in illustration thereof. 

300. (In a series in arithmetical progression),, the first term is 
3, the common difference is 5. the number' of terms is 5. Give 
out the sum. of the squares (of the terms) in the series. ' (Similarly, 
in another series), 5 is the first term., 3 the common difference, 
and 7 the number of terms. What is the sum of the squares (of 
the terms) in this series ? 

The rule for arriving at the sum of the cubes (of a give® 
number of natural numbers) : — 

301. The quantity represented by the square of half the (given) 
number of terms is multiplied by the square of the sum of one 
and the number of terms. In this (science of) arithmetic, this 
result is said to be the sum of the cubes (of the given number of 
natural numbers) by those who know the secret of calculation. 

Examples in illustration thereof . 

302. Give out (in each ease) the sum of the cubes of (the 
natural numbers up to) 6, 8, 7, 25 and 250. 

The rule for arriving at the sum of the cubes (of the terms in 
a series in arithmetical progression), the first term, the common 
difference, and the number of terms whereof are optionally 
chosen ; — : 

303. The sum (of the simple terms in the given series), as 
multiplied fay the first term (therein), is (further) multiplied by the 

SOI. Algebra ieally } ( ~ 1 (n-t* l ) 2 = $ 3 , which is the sum of the cubes of the 
natural numbers up to n. 

303. Algebraically, ± sa (a ~ 6 } + s* b = the sum of the cubes of the terms 
in a series in arithmetical progression, where $ = the sum of the simple terms 
of the series. The sign of the first term in the formula is -I- or — according 
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in the 


series’). (Then) the square of the sum (of the series) is multiplied 
by the common difference. If the first term is smaller than the 
common difference, then (the first of the products obtained above 
is) subtracted (from the second product). XI however, (the first 
term is) greater (than the common difference), then (the first 
product above-mentioned is) added (to the second product). 
(Thus) the (required) sum of the cubes is obtained. 


j Examples in illmtndwn i hereof . 

804. ’What may be the sum of the cubes when the first term 
is 3. the common difference 2, and the number of terms 5 ; or, 
when the first term is 5, the common difference 7. and the number 
of terms 8 ? 


The rule for arriving: at the sum of (a number of terms in a 
series wherein the terms themselves are successively) the sums of 
the natural numbers (from 1 up to a specified limit, these limiting 
numbers being the terms in the given series in arithmetical 
progression) : — - 

805-305!. Twice the number of terms (in the given series in 
arithmetical progression) is diminished by one and (then) multi- 
plied by the square of the common difference. This product is 
divided by six and increased By half of the common difference 
and (also) by the product of. the first term and the common 
difference. The sum (so obtained) is multiplied by the number of 
terms as diminished by one and then increased by the product 
obtained by multiplying the first term as increased by one by the 
first term itself. The quantity (so resulting) when multiplied by 
half the number of terms (in the given series) gives rise to the 
required sum of the series wherein the terms themselves are sums 
(of specified series). 


305 - 305 h- 


' (2n — l)b 2 


- *j« *j- ;+■ ub — 1) + cl (a. + 1) Jj — - is the 


sum of the series in arithmetical progression, wherein each term represents the 
sum of a series of natural numbers up to a limiting number, which is itself a 
member in a series in arithmetical progression. 
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Examples in illustration thereof, 

306|. It is seen that (in a given series) the first term is 6, the 
common difference 5, and the number of terms' 18. In relation 
to (these) 18 terms, what is the sum of the sums of (the various) 
series haring 1 for the first term and 1 for the common difference. 

The rule for arriving at the sum of the four quantities (speci- 
fied below and represented bj a certain given number): — 

307|~. The given number is increased by' one, and (then) 
halved. This is multiplied by the given number and (then) by 
seven . From the (resulting) product, rite given number is sub- 
tracted ; and the (resulting) remainder is divided by three. 
The quotient (thus obtained), when multiplied bj the given number 
as increased by one, gives rise to the (required) sum of (the four* 
specified quantities, namely,) the sum of the natural numbers 
(up to the given number), the sum of the sums of the natural 
numbers (up to the given number), the square (of the given 
number), and the cube (of the given number). 

Examples in illustration thereof . 

S08|. The given numbers are 7, 8, 9, 10, 16, 50 and 61. 
Taking into consideration the required rules, separately give out 
in the case of each of them the sum of the lour (specified) 
quantities. v - a Tv .1 vririri ThTri 

The rule for arriving at the collective sum (of the four different 
kinds of series already dealt with) : — 

309-J. The number of terms is combined with three ; it is (then) 
multiplied by the fourth part of the number of terms ; (then) one 


n x (n + 1) x 7 

, ^Algebraically ~x (n + 1) is the sum of the 

. yri r . A. y : ;A ; /ivy.;'. . ■ ■/ )y /Ay.'y V': -vy b y v ;TyyriTb;/v'. ; T'V :: v- 

four quantities specified in the rule. These are (1) the sum o£ the natural 
numbers up to n : (ii) the sum of the sums of the various series of natural numbers 
respectively limited by the various natural numbers up to n $ (iii) the square of 
n $ and (iv) the cube of n, 

309 1. Algebraically, j *(n -f 3) lj (n 2 -f- «) is the collective sum. of the 

sums, namely, of the sums of the different series dealt with in rules 290, 301, 
30 d to 30a I above, and also of the sum of the series of natural numbers up to «. 
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is added (thereunto). The (resulting) quantity when multiplied 
hy the square of the number of terms as increased by the number 
of terms gives rise to the (required) collective sum. 

'Examples in illustration thereof, 

310-J. What would be the (required) collective sum in relation 
to the (various) series represented by (each of) 49. 66, 13, 14, 
and 25 ? 

The rale for arriving at the sum of a series of fractions in 
geometrical progression : — 

311|. The number of terms (in the series) is caused to be 
marked (in a separate column) by zero and by one (respectively), 
corresponding to the even (value.) which is halved and to the 
uneven (value from which one is subtracted, till by continuing these 
processes zero is ultimately reached) ; then this (representative 
series made up of zero and one is used in order from the hist one 
therein, so that this one multiplied by the common ratio is again) 
multiplied by the common ratio (wherever one happens to be the 
denoting item), and multiplied so as to obtain the square (wher- 
ever zero happens to be the denoting item). The result (of this 
operation) is written down in two positions. (In one of them, 
what happens to be) the numerator in the result (thus obtained) 
is divided (by the result itself ; then) one is subtracted (from it) ; 
the (resulting) quantity is multiplied by the first term (in the 
series) and (then) by (the quantity placed in) the other (of the 
two positions noted above). The product (so obtained), when 
divided by one as diminished by the common ratio, gives rise to the 
required sum of the series. 

Examples in illustration thereof . 

312| : -313. In relation to 5 cities, (the first term is) \ dinar a 
and the common ratio is (Find out the sum of the dmaras 
obtained in all of them.) The first term is % the common ratio is 


311 In tins rule, the numerator of the fractional common ratio is taken to 
be always 1. See stanza 91, Ch. II and the note thereunder. 
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i and 7 is the number of terms. If you are acquainted -with 

4t 9 . . 

calculation, then tell me quickly what the sum of the series of 
fractions in geometrical progression here is. 

The rule for arriving at the sura of a series in geometrical 
progression wherein the terms are either increased or decreased 
(in a specified manner by a given known quantity) : — 

814. The sum of the series in (pure) geometrical progression 
(with the given first term, given common ratio, and the given 
number of terms, is written down in two positions) ; one (of these 
sums so written down) is divided by the (given) first term. 
From the (resulting) quotient, the (given) number of terms is 
subtracted. The (resulting) remainder is (then) multiplied by the 
(given) quantity which is to he added to or to be subtracted (from 
the terms in the proposed series). The quantity (so arrived at) 
is (then) divided by the common ratio as diminished by one. (The 
sum of the series in pure geometrical progression written down in) 
the other (position) has to be diminished by the (last) resulting 
quotient quantity, if the given quantity is to be subtracted (from 
the terms ffl the series). If, however, it is to he added, (then the 
sum of the series in geometrical progression written down in the 
other position) has to he increased by the resulting quotient 
(already referred to. The result in either case gives the required 
sum of the specified series), 

Examples, in illustration thereof. 

315. The common ratio is 5, the first term is 2, and the 
quantity to be added (to the various terms) is 3, and the number 
of terms is 4. 0 you who kuow the secret of calculation, think 

out and tell me quickly the sum of the series in geometrical 
progression, wherein the terms are increased (by the specified 
quantity in the specified manner). 

314. Algebraically, q- ( *— — t/i (r — 1) 4 s is the sum of the series of 

the following form : a, ar, -j- m. jar -t- tn) £(or i «?) r dr m j r dz rt, 

and so on, 
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316. The first term is 3, the common ratio is 8, the quantity 
to be subtracted (from the terms) is. 2, and the number of terms is 
10. 0 yon mathematician, think out and tell me quickly what 
happens to be here the sum of the series in geometrical progression, 
whereof the terms are diminished (bv the specified quantity in the 
specified manner). 

The rule for arriving at the first term, the common difference 
and the number of terms, from the mixed sum of the first term, 
the common difference, the number of terms, and the surn (of a 
given series in arithmetical progression) : — 

317. (An optionally chosen number representing) the number 
of terms (in the series) is subtracted from the (given) mixed sum. 
(Then) the sum of the natural numbers (beginning with one and 
going up to) one less than this optionally chosen number is 
combined with one. By means of this as the divisor (the remainder 
from the mixed sum as above obtained is divided). The quotient 
hero happens to he the (required) common difference ; and the 
remainder (in this operation of division) when divided by the 
(above optionally chosen) number of terms as increased by one 
gives rise to the (required) first term. 

An example in iUmiraiion thereof , 

318. It is seen here that the sum (of a series in. arithmetical 

progression) as combined with the first term .the common difference, 
and the number of terms (therein) is 50. 0 you who know 

calculation, give out quickly the first term, the common difference, 
the number of terms, and the sum of the series (in this case). 

The rule for arriving at the common limit of time when one, 
who is moving (with successive velocities representable) as the 
terms in an arithmetical progression, and, another moving with 
steady unchanging velocity, may meet together again (after start- 
ing at the same instant of time) A, 


317. See stansas 80 — 82 in Oh, II and the note relating to them * 
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310. TIic uuehanging velocity is.. diminished; by the first term 
(of the velocities in series in. arithmetical progression), and is 
(then) divided by the half of the common difference. On adding 
one (to the resulting quantity), the (required) time (of meeting) 
is arrived at, (Where two persons travel in opposite directions, 
each with a definite velocity), twice (the average distance to be 
covered fay either of them) is the (whole) way (to be travelled). 
This when divided by the sum of their velocities gives rise to the 
time of (their) meeting. 

An example in ill miration thereof. 

320. A. certain person goes with a velocity of 3 In the beginning ■ 
increased (regularly) by 8 as the (successive) common difference. 
The steady unchanging velocity (of another person) is 21. What ■ 
may be the time of their meeting (again, if they start from the 
same place, at the same time, and move in the same direction)? 

An example m illustration of the latter half (of the rule^given in 
the stanza above)* 

821-821^-. One man travels at the rate of 6 yojemas and another 
at the rate of 3 yojanas- The (average) distance to be covered by- 
cither of them moving in opposite directions is 108 y of anas. 0 
arithmetician, tell me quickly what the time of their meeting 
together is. 

The rule for arriving at the time and distance of meeting to- 
gether, (when two persons start from the same place at the same time 
and. travel) with (varying) velocities in arithmetical progression. 

322A The difference between the two first terms divided by 
the difference between the two common differences, when multiplied 
by tiro and increased by one, gives rise to the time of coming 
together on the way by the two persons travelling simultaneously 
(with two series of velocities varying in arithmetical progression). 

3.19. Algebraically; (v-a) + I t, where v is the unchanging velocity, 

■ , ■ . , A n ;/ A;"-:- in 

iiud t the time. 

o22J-, Algebraically, n => * 2 + I. 

0 by 

23 
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An emmph- in illustration ihervqf\ 

828 1 . A person travels, with velocities beginning with 4, and 
Increasing' (successively) by the common difference of 8. Again, 
a second person travels with velocities beginning with 10. and 
increasing (successively) by the common difference of 2. What is 
the time oE their meeting ? 

The rule for arriving at the time of meeting of two persons 
(starting at the same time and travelling in the same direction with 
varying velocities in arithmetical progression), the common differ- 
ence (in the one ease) being positive, and (in the other) negative; — 

324 J. The difference between the two first terms is divided by 
half of the sum of the numbers representing the two (given) 
common differences, and (then) one is added (to the resulting quan- 
tity). This becomes the time of meeting on the way by the two 
persons (starting at the same time and} travelling simultaneously 
(with velocities in arithmetical progression, the common difference 
in the one case being positive and in the other negative)* 

■An example in illustration thereof. 

825J. The first man travels with, velocities beginning with 5, 
and increased (successively) by 8 as the common difference. In 
the ease of the second person, the commencing, velocity is 45, and 
the common difference is minus 8. What is the time of meeting ? 

The rule for arriving at the time of meeting of two persons, 
(starting at different. times and) travelling (respectively) with a 
quicker and a less quick velocity (in the same direction) : — 

He who travels less, quickly and he who travels more 
quickly— both move in the same direction. ’What happens to 
be the distance to be overtaken here is divided by the difference 
between those (two) velocities. In the course of the number of 
days represented by the quotient (here), the more quickly moving 
person goes to the less quickly moving one. 


.‘524§. Compare this with the rule given in 322$ above. 
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An example in illustration thereof. / 

327 A certain person travels at the rate of 9 yojanm (a day) ; 
and 100 yojanas have already been gone over, by him. ' Now, a 
messenger sent after him goes at the rate of 13 yojanas .(a day). 
In how mao,? days will this (messenger) meet him P 

The rule for working out the circumferential number of 
arrows in the' quiver with, the aid of the (given) uneven number 
of arrows (contained in the quiver ; and vice versa) ; — 

828y. The number of the circumferential arrows is increased 
by three and (then) halved. This is squared and (then) divided 
by three. On adding one (to the resulting quantity), the num- 
ber of arrows (in the quiver) is obtained. When, however, the 
number of the circumferential arrows has to be arrived at, the 
reverse process is (to be adopted in relation to these operations). 

Examples in illustration thereof* 

829-J. The circumferential number of the arrows is 9. Their 
total number, however, is not known. (What is that ?). The 
total number of arrows (in the quiver) is 13. Tell me, 0 arith* 
Dietician, the number of the circumferential arrows also in this 
case. b 

The rule for arriving at the number of bricks to be found in 
structures made up of layers (of bricks one over another) ; — 

330A The square of the number of layers is diminished by 
one* divided by three 9 and Then), multiplied by the number of 
layers. On adding (to the quantity so obtained) the product, 
obtained by multiplying the optionally chosen number (represent- 
ing the bricks in the topmost layer) by the sum of the (natural 
numbers beginning with one and going up to the given) number 
of layers, the required answer is obtained. 

330£. Algebraically, TAl 1 x n + a * , 1 . 2 is the total number of 

bricks m the structure, where n is the number of layers, and a the optionally 
chosen number ol* bricks in the topmost layer. The number of bricks along 
the length or breadth of any layer is one logs than the same in the immediately 
lower layer. 
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Examples in illustration thwof. 

331 *. There is constructed an equilateral quadrilateral struct are 
consisting of 5 layers. The topmost layer is made up of 1 brick, 
0 you who know the calculation of mixed problems, tell me how 
many bricks there are (here in all). 

8324. There is a structure built up of success;* \ e layers of bricks, 
which is in the form of the ncimlyavaria. There are 4 layers 
built symmetrically with 60 .as the numerical measure of the 
top- bricks in single row . Tell me how many are all the bricks 
(here). . 

Rules regarding the six things to be known in the science of 
prosody : — 

833 J-338T ; The number of syllables in a given syllabic metre 
or chandm is caused to be marked in a separate column } by zero and 


. . I P 

■3824. f l he family «■ varta figure referred to in the s?an*ais 4 — prj 

333£ ~~ 33t»£. As each syllable found in a line forming a quarter of a stanza 
may be short or long, there arises a number of varieties corresponding to the 
different arrangements of long and short syllables. In arranging these 
varieties, a certain order is followed. The rules given here enable ns to find 
out (1) the number' of •varieties : possible, in a metre consisting of a specified 
number of syllables, (2) the manner- of arrangement of the syllables in these 
varieties, (3) the arrangement of; the syllables in a variety specified by its 
ordinal position, (4) tire ordinal position of a specified arrangement of 
syllables, (5) the number of varieties containing a specified number of long*-, 
or short syllables, and (6) the amount of vertical space required for exhibiting 
the varieties of a particular metre. 

The rules will become clear from the following’ working of the problems 
given, in stanza 83.7i . : 

(1) There, are 3 syllables in a metre ; now, we proceed thus ; 

Xow, multiplving bv 2 the figures in the 

Ji-1 I 2 

2|2 0 right-hand chain., we obtain 0. By the process of 

T~r i ~ 

multiplication and squaring, as explained in the 
note to stanza 04, Oh. If, we get S $ and this. is the 
number of varieties. 

(2) The manner of arrangement of the syllables in each variety is arrived 
at thus : — 

1st variety : 1, being odd, denotes a long syllable ; so t he first syllable is 
long. Add 1 to this 1, and divide the sum by. 2; riie 
quotient is odd, and denotes another long syllable. Again, 
I is added to this quotient 1, and divided by 2 ; the result. 
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by one (respectively ), corresponding to the even (value) which is 
halved; and the uneven (value from which one is subtracted, till 
by continuing these processes zero is ultimately reached. The 
numbers in the chain of figures so obtained are) al! doubled, (and 
then in the process of continued multiplication from the bottom to 
the top of the chain, those figures which come to have a zero above 
them) are squared. The (resulting) product (of this continued 
multiplication) gives the number (of ihe varieties of stanzas possible 
in that syllabic metre or chan das). 

The arrangement (of short and long syllables in all the varie- 
ties of stanzas so obtained) is shown to he arrived at thus: — 
(The natural numbers commencing with one and ending with 
the measure of the maximum number of possible stanzas in the 
given metre being noted down), every odd number (therein) has 
one added to it, and. is (then) halved. (Whenever this process 
is gone through), a long syllable is decidedly indicated. Where 


again odd, denotes a third long syllable. Thus the first 
variety consists of three long syllables, and is indicated 
thus (it* 

‘2nd variety : 2, being even, indicates a short syllable ; when this 2 .is 
divided by 2, the quotient is I, which being odd Indicates 
a long syllable. Add 1 to this 1, and divide the sum by 2 ; 
the quotient being odd indicates a long syllable ; thus we 
get \(t. 

Similarly the other six varieties are to be found out. 

(3) The fifth variety, for instance, may be found out as above. 

(4) To find out, for instance, the ordinal position of the variety. | ? j 
we proceed thus : — 

Below these syllables, write down the terms of a series in geometrical pro- 
gression, having 3 as the first term and 2 as the common ratio. Add the 
| l ! figures 4 and 1 under the the short syllables, and increase the sum by 1 ; 
12 4 we get G : and we, therefore, say that this is the sixth variety in the 
tri- syllabic metre, .A ■' ■ ■ tv -S 

tfi) Suppose the problem is : Eow many varieties contain 2 short syllables r 
Write down the natural numbers in the regular and in the inverse order, one 

below the other thus : g ^ Taking two terms from right to left, both from 

above and from below, we divide the product of the former by the pioduct of 
the latter. And the quotient 3 is the answer required . 

(C) It is prescribed that the symbols representing the long and short syllables 
of any variety of metre should occupy an avgwla of vertical space, and that 
the intervening space between any two varieties should also be an awfula. The 
amount, therefore, of vertical space required for the 8 varieties of this 
moire, is 2x8-1 or l.> aitgulas. 
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the number is even, it- is (immediately) halved and this indicates 
a short syllable. In this manner, the process (of halving with or 
without the addition of one as the ease may be, noting down at 
the same time the corresponding long and short syllables as 
indicated), is to be regularly carried on (till the actual number of 
syllables in the metre is arrived at in each case). 

If the number representing in the natural order any given 
variety of a stanza), the arrangement of the syllables wherein has 
to be found cut, .(happens to be even, it) has to be halved, and 
indicates a short syllable. (If it happens to be however odd), 
one has to he added to it. and (then) it is to he halved : and this 
indicates a long syllable. Thus (the long and short, syllables have 
to be put down over and over again (in their respective positions), 
till the maximum number of syllables in the stanza is arrived at. 
This gives the arrangement (of long and short syllables in the 
required variety of the stanza). 

Where (a stanza of a particular variety is given, and) its 
ordinal position (among the varieties of stanzas possible in the 
metre) is to be found out, the terms (of a series in geometrical 
progression) commencing with one and having itco as the common 
ratio are written down, (the number of terms in the series being 
equal to the number of syllables in the given metre. Above these 
terms, the corresponding long or short syllables are noted down). 
Then the terras (immediately) below the position of short syllables 
are all added ; the sum (so obtained) is increased by one. (This 
oives the required ordinal number.) 

<o * 

Natural numbers commencing with one, and going up to the 
number (of syllables in the given metre), are written down in the 
regular and in the inverse (order in two rows) one below the other. 
When the numbers in the row are multiplied (1, 2, 8 or more at 
a time) from the right to the left, and the products (so obtained 
in relation to the upper row) are divided by the (corresponding) 
products (in relation to the lower row), the quotient represents 
the result of the operation intended to arrive at (the number of 
, varieties of stanzas in the given metre, with i, 2, 3 or more) short 
or long syllables (in the verse). 
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The possible number (of the varieties of stanzas in the given 
metre) is multiplied by two and (then) diminished by one. This 
result gives (the measure of what is called) adJwan, (wherein an 
interval equivalent to a stanza is conceived to exist between every 
two successive varieties in the metre). 

Examples in Must ration; thereof . 

837+. In relation to the metre made up of 3 syllables, tell me 
quickly the six things to be known— viz., (1) the (maximum) 
number (of possible stanzas in the metre), (2) the manner of 
arrangement (of the syllables in those stanzas), (3.) the arrange- 
ment of the syllables (in a given variety of the stanza, the ordinal 
position whereof among the possible varieties in the metre is 
known), (4) the ordinal position (of a given stanza), (5) the 
number (of stanzas in the given metre containing any given 
number) of short or long syllables, and (6) the (quantity known 
as) adhvan . 

Thus ends the process of summation of series in the chapter 
on mixed problems. ' . : ; ■ ■ .. 7t: y -.tT'- 

Thus ends the fifth subject of treatment, known as 
Mixed Problems, in Sarasangraha, which is a work 
on arithmetic by Mahaviraearya, 
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CHAPTER VII 

CALCULATION RELATING TO THE MEASUREMENT 
OF AREAS. 

L .For the accomplishment of the object held in view. I how 
again and again with true earnestness to the most excellent 
Siddhas who have realized the knowledge of all things. 

Hereafter we shall expound the sixth variety of calculation 
forming the subject known by the name of the Measurement of 
Areas. And that is as follows : — 

2. (The measurement of) area has been taken to be of two 
kinds b} r Tina in accordance with (the nature of) the result, 
namely, that which is (approximate) for practical purposes and 
that which is minutely accurate. Taking this into consideration, 
I shall clearly explain this subject. 

8. (Mathematical) teachers, who have reached the other shore 
of the ocean of calculation, have given out well (the various kinds 
of) areas as consisting of those that are trilateral, quadrilateral and 
curvi-linear, being differentiated into their respective varieties. 

4. A trilateral area is differentiated in three ways ; a quadri- 
lateral one in five ways; and a curvi .linear one in eightways . 
All the remaining (kinds of) areas are indeed variations of the 
varieties of these (different kinds of areas). 

5. Learned men say that the trilateral area may be equilateral.' 
isosceles or scalene, and that the quadrilateral area also may be 


3 and 6. The various kinds of enclosed areas mentioned in these stanzas are 
illustrated below 



Bannatribhuja.s5=s Eieulafcoral. D visaniat.ribhuja = Visaiiiiitribliuja, = Scalene, 
trilateral figure. Isosceles trilateral trilateral figure* 

%ure • 
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equi-lateral, equi-diehastie, equi -bilateral , equi-trilatera! and in 


Saoiacaturasra 


Equi-lateral Bvidvisamacatuiasra a Equi-dichasfcie 
cal. quadrilateral. 


D visaraaeaturasra e= Eqa i- bilateral Trisama cafcurasra =*» Equi-ti'ilat era! 
■' quadrilateral. quadrilateral. 


VisamaGatuim§ra= : IneqTcii-lateral 

quadrilateral. 


Sauaavytta = Circle. 


Ayatavftta = Ellipse. 


Avdhavrtta -= Semicircle, 





186 G A NITASAR ASANGK AH A . 

6. (The curvi-linear area may be) a circle, a semicircle, an 
ellipse 5 a eonehiform area, a concave circular area, a convex 
circular area, an out-lying* annulus or an in-reaching annulus. 



Antascakravalavrtta = In- 
reaching annul ns. 


Bahiscakr&y&layytta 

annulus. 


From a consideration of the rules given for the measurement of the dimen- 
sions and areas of quadrilateral figures, it has to be concluded that all the 
quadrilateral figures mentioned in this chapter are cyclic. Hence an equilateral 
quadrilateral is a square, an equidichasfcic quadrilateral is an oblong; and equf- 
biiateral and equi-trilateral quadrilaterals have, their topside parallel to the bas€' f 


Kambuk avrtta = eonehiform N i mnavrtta = concave U n natavytta = convex 

area. circular area. circular area. 
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y7. . A 'tfilateral iignre Is here conceived to be f fanned by making* fcho topside, 
'be., the side opposite to the base, of a quadrilateral so small as to be neglected, 
Then the two lateral sides of the trilateral figure become the opposite sides, 
the topside being taken to be nil in value, lienee it is that the rale speaks 
of opposite sides even in the _*a,-o id* a l HI ittrai Ji.»ui 

As half the sum of the two sides of n triangle is, in all eases, bigger than the 
altitude, the value of the area arrived at according to this rule cannot bo accu- 
rate in any instance. :■ yd y; : ty,y . y/y yy.y-.;:y - ■;.y ; 7 y- V.tw y : tyttyt|y 

In regard to quadrilateral figures the value of the area anived at accord- 
ing to this rule can be accurate in the cose of a square and an oblong, but only 
approximate in other ci sea, 

Memi is the area enclosed between, ‘the circumferences of two concentric 
circles j and the rule here stated for finding out the approximate measure of the 
area of a FemiSc-s&t-ra happens to give the abcurate measuro thereof. 

In the case of a figure resembling the crescent moon, it is evident that the 
result- arrived at according to the rule gives only an approximate measure of 
the area. y 


Calculation relating to approximate measurement 
(of areas)* 

...The rule lor arriving at the (approximate) measure of the 
areas of trilateral and quadrilateral fields ; — - 

7. The product of the. halves of the sums of the opposite sides 
becomes the (quantitative) measurement (of the" area) of trilateral 
and quadrilateral figures. In the ease of (a figure constituting a 
circular annulus like) the rim of a wheel, half of the sum of the 
(inner. and outer) circumferences multiplied by (the measure of) 
the breadth (of the a an ulus gives the quantitative measure of the 
area thereof). Half of this result happens to be here the area of 
(a figure resembling) the crescent moon. 

Examples in illustration thereof. 

8. In the case of a trilateral figure, 8 dandas happen to be the 

measure of the side, the opposite side and the base; tell me 
quickly, after calculating, the practically approximate value (of the 
area) thereof. , ; , yvyfiyy y ; y ;.yyyy: : ; 

9. In the case of a trilateral figure with two equal sides, the 
length (represented by the two sides) is 77 dandas ; and the 
breadth (measured by the base) is 22 dandas associated with 2 
hasias, (Find out the area.) 
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10. la the case of a scalene trilateral figure, one side is 13 dandas > 
the opposite side is 15 dandas ; and the base is 14 dandas . So what 
is the quantitative measure (of the area) of this (figure) ? 

11. In the case of a, figure resembling (the medial longitudinal 
section of) the tusk of an elephant, the length of the outer curve 
is seen to be 88 dandas ; that oi the inner curve is (seen, to be) 
72 dandas ; the measure of (the thickness at) the root of the tusk 
is 30 dandas . (What is the measure of the area ?) 

12. In the case of an equilateral quadrilateral figure, the sides 
and the opposite sides (whereof) are each. 60 dandas in measure, 
you tell me quickly, 0 friend, the resulting (quantitative) measure 
(of the area thereof). 

13. In the ease of a longish quadrilateral figure here, the length 
is 61 dandas , the breadth is 32. Give out the practically approxi- 
mate measure (of the area thereof) . 

14. In the case of a quadrilateral with two equal sides, the 
length (as measured along either of the equal sides) is 67 dandas , 
the breadth, of this figure is 38 dandas (at the base) and 33 dandas 
(at the top. What is the measure of the area of the figure P) 

15. In the case of a quadrilateral figure with three equal 
sides, (each of these) three sides measures 108 dandas , the (remain- 
ing side here called) mukha or top-side measures 8 dandas and 3 
hastas. Accordingly, tell me, 0 mathematician (the measure of 
the area of this figure). 

16. In the case of a quadrilateral the sides of which are all 
unequal, the side forming the base measures 38 dandas , the side 
forming the top is 32 dandas : one of the lateral sides is 50 dandas 
and the other is 60 dandas. What is (the area) of this (figure) P 

17. In an annulus, the inner circular boundary measures 30 
dandas ; the outer circular boundary is seen to be 300. The breadth 


j 11. The shape oi the figure mentioned in this stanza 
j seems to fee what Is given here in the margin : it is 
; intended that this should be treated as a trilateral figure, 
f and that the area thereof should be found out in accordance 
with the rule given in relation to trilateral figures. 




19. The approximate character of the measure of the circumference as well 
as of the area as given hero is due to the value of being taken &s 3. 

21. The formula given for the circumference of an ellipse is evidently 
an approximation of a different kind. The area of an ellipse is w . a.6, whom 
a and b are the semi-axes. If v is taken to he equal to 3, then ir. a\ => 3 a.b. 
But the formula given in the stanza makes the area equal to %ab 4r b%* 


of the annulus is 45. What is the calculated measure of the area 
of (this) annulus ? 

18. In the case of a figure resembling the crescent moon, the 
breadth is seen to be 2 hastas , the outer curve 68 hast as , and 
the inner curve 82 hastas. Say what the (resulting) area is. 

The rule for arriving at the (practically approximate value of 

the) area of the circle : — 

19. The (measure of the) diameter multiplied by three is the 
measure of the circumference ; and the number representing the 
square of half the diameter, if multiplied by three , gives the 
(resulting) area in the case of a complete circle. Teachers say 
that, in the ease of a semicircle, half (of these) give (respectively) 
the measure (of the circumference and of the area). 

Examples in illustration thereof \ 

20. In the case of a circle, the diameter is 18. What is the 
circumference, and what the (resulting) area (thereof) ? In the 
case of a semicircle, the diameter is 18 : tell me quickly what the 
calculated measure .is (of the area as well as of the circum- 
ference). 

The rule for arriving at (the value of) the area of an elliptical 
figure • 

21. The longer diameter, increased by half of the (shorter) 
diameter and multiplied by two, gives the measure of the cir- 
cumference of the elliptical figure. One-fourth of the (shorter) 
diameter, multiplied by the circumference, gives rise to the 
(measure of the) area (thereof). 
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An example in illustration thereof. 

22. In the case of an elliptical figure the (shorter) diameter is 
1.2, and the longer diameter is 36. What is the -circumference and 
what is- the (resulting) area (thereof) F 

The rule for arriving at the (resulting) area of a conchifonn 
curvilinear figure 

23. In the case of a conehiform curvilinear figure, the 
measure of the (greatest) breadth diminished by half the measure 
of the mouth and multiplied by three gives the measure of the 
perimeter. One-third of the square of half (this) perimeter, 
increased by three-fourths of the square of half the measure of the 
month, (gives the area). 

An example in illustration thereof . 

24. In the case of a conohi-form figure the breadth is 18 ha-stew, 
and the measure of the mouth thereof is 4 ( hasias ). You tell me 
what the perimeter is and what the calculated area is. 

The rule for arriving at the (resulting) area of the concave 
and convex circular surfaces : — 

25. Understand that one-fourth of the circumference m ultiplied 
by the diameter gives rise to the calculated (resulting) area. 
Thence, in the case of concave and convex areas like that of a 


23. If a is the diameter and m is the measure of the month, then 3 (a — -J m) 
is the measure of the circumference ; and j* ■ ? j x I + x 

is the measure of the area. The exact shape of the figore is not clear from the 
description given; but from the values given for the circum feretice and the area, 
it may be conceived to consist of 2 unequal semicircles placed so that their 
diameters coincide in position, as shown in figure 12, given in the foot-note to 
ystatiza: 6,; iwthis chapter..'-’ 

25. The area here specified seems to be that of the surface of the segment of a 
sphere ; and the measure of the area is stated to be, when symbolically represented, 

equal to f x cl 9 where c is the circumference of the sectional circle, and d is 

the diameter thereof. But the area of the surface of a spherical segment of 
this kind is equal to 2 tr. r.h, where r is the \ adius of the sectional circle and 
h is the height of the spherical segment. 
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sacrificial fire-pit and like that of .the back of) the tortoise, (the 
required result is to he; arrived at). 

As example in illustration- thereof . 

26. In the ease of the* area of a sacrificial fire-pit the measure 
of the diameter is 27, and the measure of the circumference is 
seen to be 56. What is the calculated measure of the area of 
that same (pit) ? 

An example about a convex -circular surface resembling (the 
bach) of a tortoise ... 

27. The diameter is 15, and the circumference is seen to be 
86. In the case of this area resembling the (back of a) tortoise, 
'what is the practically approximate measure as calculated ? 

The rule for arriving at the practically approximate value of 
the area of an in-lying annular figure as well as of an out-reaching 
annular figure : — ■ 

28. The (inner) diameter increased by the breadth (of the 
annular area) when multiplied by three and by the breadth (of the 
annular area) gives the calculated measure of the area of the out- 
reaching annular figure. (Similarly the measure of the calculated 
area) of the in-lying annular figure (is to be obtained) from the 
diameter as diminished by the breadth (of the annular area). 

Examples in illustration thereof. 

29. The diameter is 18 hast as > and the breadth of the out- 
reaching annular area is 3 in this case : the diameter is 18 hasfm 
and again the breadth of the in-lying annular area is 8 hast as. 
What may be (the area of the annular figure in each case) ? 


2S* The shape of the &FcT vT$ ff as well as of the % 3 

is identical with the shape of the «TPT§ftrf mentioned in the note to stanza 7 in this 
chapter. Hence the rule given for. arriving at the area of all these figures works 

out to he the same practically. 


192 


gasitasIbasanoiiaha. 



'•V 


, i„ fh e numerical measures of 
The rule for arriving se P ara j 0 f the area of a circular 

the obenmference.of «* "Xabyndding together the 

ee multiplied by l‘2,thefl 1 r , yj t diminished by the equaic 

- - * — e of tto -r 

circumference. « 

* «» f i0 <» circumference, 

31. The combined sum of the k lu6 . Tell me 

“'itltC-tiW — ence A **«*>*> ^ 

The rule foe amvmg •* ^ , e .ti„ M of) the »«» 

the rmm, ml <»« tte ” 9 '” ; ~ 
groin, (of) the ^ * the form of the y« 

■ gX 5 £ rx Tthe 

' I"* 1 “ 31 

rL..*-*—-* 11 ”.* i i, i.v 

*X y— «— 

<o CO 


Ya,-val<araksetTa. 


Mtira4al?aral?s6t.ra. 


P aipa'vS.^ aralssSto’fi • 


Yajral<arak? 3 to ‘ 


CHAPTER VII— MEASUREMENT OF AREAS. 193 

(require dmea.surement of) area is that which results by multi- 
plying half the sum of the end measure and the middle measure 
by the length. 

Examples in illustration thereof . 

33. In the ease of an area resembling the configuration of 
a yam grain, the length is 80 and the breadth in the middle is 
40. Tell me, what may be the calculated measure of that area ? 

34. Tell (me what may be the calculated measure of the area) 
in relation to a field which has the outline configuration of the 
mrdanga , and of which the length is 80 dandas , the end measure 
is 20 and the middle measure is 40 dandas . 

35. in the case of a field having the outline of the panam, 
the length is 77 dandas , the measure of each of the two ends is 8 
dandas , and the measure in the middle is 4 dandas. (What is the 
measure of the area F) 

36. Similarly in the case of a field having the outline of the 
vajra , the length is 96 dandas , in the middle there is the middle 
point ; and at the ends the measure is 13-| dandas . (What is the 
measure of the area ?) 

The rule for arriving at the measure of areas such as the 
ubhaya-nisedha or di-deficient area : — 

37. On subtracting the product of the length into half the 
breadth from the product of the length into the breadth, you 


.: / • The : measures' of the area arrived at according to the rule given in this stanza 

are approximately correct in the case of all the figures, as the rule is based on 
the assumption that each of the bounding curved lines may bo taken to bo equal 
to the sum of two straight lines formed by joining the ends of the curves with the 
middle point thereof. . , /%■; V :'y 

37. The figures mentioned in this stanza are those given .below:-—- 
These are looked 
upon as being derived 
from a quadrilateral 
figure which is divided 
into four triangles by 
means.' ;of ' it&; : ''Ulagbn..als 
.'.■.crossing each other. The 
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measure of the di-deficient area 
, latter product here) by kali of this 
he subtracted) is the measure of 


n illustration thereof. 
and the breadth is only 18 da 
are of the area in the case of 
the case of the uni-deficient area 

it the practically approximate me 
enabling the outline of a mud 


>posite mangles out of the 
isidera-tipn, the uni-deficient 
out of the four triangles is neglected. 

the area of figures made up of 
of the sides, 

This 


is that in which any 
the quadrilateral are 
in which only one 
stated in this stanza gives 
sides. If a is half the sum of the measures 

er o£ sides, the area is said to be equal to— * 

1 to give the approximate value of the area in the case 
quadrilateral, a hexagon and a circle conceived as a figure oi 
,f sides. The other part of the rule deals with the interspace 
ts of circks in contact, and the value of the area arrived 
rtS , ; K also annroximate. The figure below 
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included between circles (in contact), one-fourth (of the result 
thus arrived at gives the required measure). 

j Emmpies in illustration thereof \ 

40. In the ease of a six-sided figure the measure of a side is 5,. 
and in the ease of another figure of 16 sides the measure of a 
side is 3. - Give out (the measure of the area in each ease). 

41. In the case of a trilateral figure one of the sides is 5, the 
opposite (f.e.) the other) side is 7, and the base is 6. In the case 
of another hexa lateral figure the sides are in measure from 1 to 6 
in order. (Find out the value of the area in each case). 

42. (Give out) the value of the interspace included inside 
four (equal) circles (in contact) having a diameter which is 9 in 
measure ; and (give out) the value of the area of the interspace 
included inside three circles having diameters measuring 6, 5 
and 4 (respectively). 

The rule for arriving at the practically approximate area of a 
field resembling a bow in outline : — 

43. In the ease of a bow-shaped field the calculated measure 
(of the area) is obtained by adding together (the measure of) the 
arrow and (that of ) the string and multiplying the sum by half 
(the measure) of the arrow. The square root of the square of the' 
(measure of the) arrow as multiplied by 5 and (then) as combined 
with the square of the (measure of the) string gives the (measure 
of the bent) stick (of the bow). 


43. The field resembling a bow in outline is in fact the segment of a circle, 
the bow forming the arc, the bow-string forming the chord, and the arrow 
measuring the greatest perpendicular distance between the arc and the chord. 
If a } c, and p represent the lengths of these three lines, then, according to the 
rules given in stanzas 43 and45~— 

Area = {c 4 3)} x YiS 

Length of bow ^.4^5' 

. . 4/ A - — er 

. „ of arrows- 
„ of bow-string 

For accurate value see stanzas 73 £ and 74| in this chapter. 
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An example in illustration thereof. 

44 . A bow-shaped field is seen whereof the string-measure is 
26, and the arrow-measure is 13. Tell me quickly, 0 mathemafa- 
cian. what the calculated measure of this (area) is, and what the 
measure of this (bent) stick (curve). 

The rule for arriving at the arrow-measure as well as the 
string-measure (in relation to a bow-shaped field) 

45 The difference between the squares ot the string and of the 
bent how is divided by 5. The square root (of the resulting 
quotient) gives the intended measure of the arrow. The square 
of the arrow is multiplied by 5 ; and (this product) is subtracted 
from tbe square (of the arc) of the bow. The square root (of 
the resulting quantity) gives the measure corresponding to the 

string. 


Examples in illustration thereof. 

46. In the case of this (already given bow-shaped) field the 
measure of the arrow is not known ; and in the case of another 
(similar field) the measure of the string is not known. 0 you who 
know calculation, give out both these measures. 

The rule for arriving at the practically approximate value of the 
area of the circle which is circumscribed about or inscribed within 
a four-sided figure 

47 . Half of three times (the measure of the area of the mscn le 
quadrilateral figure) gives the measure of the area of the circle m 
the case in which it is circumscribed outside. In the case where 
it is inscribed within and the quadrilateral is the other way 
[ie escribed), half of the above measure (is the required quantity). 


m. The formula here given may be seen to be aoom-ate m the case of a 
square, but only approximate in the ease of other quadrilaterals, if 3 be taken 

Kp, tlie correct -value of v. 



./•: ori 4 /p~ cJ : t ; Her A a, 5, % r-bpre'seaf- .the measn^ 

ol the sides of a triangle, cy, c 2 the measures of the segments of the base whose 
total length is c } and p represents the length of the perpendicular. 
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An example in illustration thereof, 

48. In relation to a quadrilateral figure, each of whose sides 
is 15 (in measure), tell me the poetically approximate 'value of the. 
inscribed and the escribed circles. 

Tims ends the calculation of practical ly approximate value in 
relation to areas. 


The Minutely Accurate Calculation of the 
Measure of Areas* 

Hereafter in the calculation regarding the measurement of 
areas we shall expound, the subject of treatment known as 
minutely accurate calculation. And that is as follows 

The rule for arriving at the measure of the perpendicular (from 
the vertex to the base of a given triangle) and (also) of the segments 
into which the base is thereby divided) : — 

49. The process of mnkramana carried out between the base 
and the difference between the squares of the sides as divided by 
the base gives rise to the values of the two segments (of the base) 
of the triangle. Learned teachers say that the square root of the 
difference between the squares of (either of) these (segments) and 
of the (corresponding adjacent) side gives rise to the measure ol 
the perpendicular. 


40. Algebraically represented 
a ? ' b" 


h^) 
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The rule for arriving at the minutely accurate measurement of 
the area (of trilateral and quadrilateral figures) 

50. Four quantities represented (respectively) by half the sum 
of the sides as diminished by (each of) the sides (taken in order) 
are multiplied together ; and the square root (of the product so 
obtained) gives the minutely accurate measure (of the area of the 
figure). Or the measure of the areas may be arrived at by multi- 
plying by the perpendicular (from the top to the base) half the 
sum of the top measure and the base measure. (The latter rule 
does) not (hold good) in the case of an ine quid at era! quadrilateral 
figure. 

Examples in illustration thereof 

51. In the case of an equilateral triangle, 8 dcmdas give the 
measure of the base as also of each of the two sides. Ton, who 
know calculation, tell me the accurate value of the area (thereof) 
and also of the perpendicular (to the base) as well as of the 
segments (of the base caused thereby). 

52. In the case of an isosceles triangle (each of the) two (equal) 
sides measures 13 dandas r and the base measures 10. (What 
is) the accurate measure of the area thereof, and of the perpendi- 


50, Algebraically represented — 

Area of a trilateral figure = V s (s - a) (A— b) (s-e) ; wher© 
s is half the sum of the sides, a, b, e, the respective measures of 
the sides of the trilateral figure ; 

c 

or =— x p , where p is the perpendicular 

distance of the- vertex. from the base. ■■■.' : : ' ■ , 

Area of a quadrilateral figure = V (a— a) (s — b) (s — c) (s — d) 
where s is half the sum of the sides, and a, 6, c, d the 
measures of the respective sides of the quadrilateral figure $ 

or = — x p (except in the case 

of an - inequilateral quadrilateral) where p is the measure of 
either of the perpendiculars drawn to the base from the extremi- 
ties of the top side, 

The formulas here given for trilateral figures are correct ; but those given for 
quadrilatral figures hold good only in the case of cyclic quadrilaterals, as in 
these formulas sight is lost of the fact that for the same measure of the sides the 
value of the area as well as of the perpendicular may vary. 



54, Algebraically represented the measure of the diagonal of a quadrilateral 
figure as given here is — 

/(ac + bd) (cLb+cd) /(a7Tbdf(ad T'kj' 

V ad + be or V ai + cd 

These formulas also are correct only for cyclic quadrilaterals. Bhaslcara- 
carya is aware of the futility of attempting to give the measure of the area of 
a quadrilateral without previously knowing the values of the perpendicular or of 
the diagonals. Vide the following stanza from his LTlavatt : — 

f^?#ricRiSTi Fj;# w crto; !! 

TIITHT IT ItET IT f*IM Icf: 1 
IT I ti% ^ITlt^IITOT fulfil II 
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cular (to the base) as also of the segments (of the base caused 
thereby) ? 

5o. In the ease of a scalene triangle one of the sides is 13 (in 
measure), the oppositesi.de is 15, and the base is 14. What 
indeed is the calculated measure (of the area of this figure), and 
what of the perpendicular (to the base) and of the basal segments ? 

Hereafter fyve give) the rule for arriving at the value of the. 
diagonal of the five varieties of quadrilateral figures. 

54. The two quantities obtained by multiplying the basal side 
by the (larger and the smaller of the right and the left) sides are 
(respectively) combined with the two (other) quantities obtained by 
multiplying the top side by the (smaller and the larger of the right 
and the left) sides. The (resulting) two sums constitute the multi- 
plier and the divisor as also the divisor and the multiplier in 
relation to the sum of the products of the opposite sides. The 
square roots (of the quantities so obtained) give the required 
measures of the diagonals. 

Examples in illustration thereof . 

55. In the case of an equilateral quadrilateral which has all 
around a side measure of 5, tell me quickly, 0 friend who know 
the secret of calculation, the value of the diagonal and also the 
accurate value of the area. 
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56. In the ease of a longish quadrilateral, the (horizontal) side 
is 12 in measure and the perpendicular side is 5 in measure. 
Tell me quickly what the measure of the diagonal is and what the 
accurate measure of the area. 

57. The basal side of an equi-bilateral quadrilateral is 86. One 
of the sides is 61 and the other also is the same. The top side is 
14. What is the diagonal and what the accurate measure of the 
area ? 

58. In the case of an equi-trilateral quadrilateral, the square of 
13 (gives the measure of an equal side) ; the base, however, is 407 
in. measure. What is the value of the diagonal of the basal 
segments, of the perpendicular and of the area ? 

59. The (right and the left) sides of an inequilateral quadri- 
lateral are 18 X 15 and 13 X 20 (respectively in measure) ; the 
top side is 5 B , and the side below is 300. What are all the values 
here beginning with that of the diagonal P 

Hereafter (are given) the rules for arriving at the 
minutely accurate values relating to curvilinear figures. Among 
them the rule for arriving at the minutely accurate values 
relating to a circular figure is as follows : — 

60. The diameter of the circular figure multiplied by the 
square root of 10 becomes the circumference (in measure). The 
circumference multiplied by one-fourth of the diameter gives the 
area. In the case of a semicircle this happens to be half (of 
what it is in the case of the circle). 

Examples in illustration thereof \ 

61. In the case of one (circular) field the diameter of the 
circle is 18 ; in the ease of another it is 60 ; in the ease of yet 
another it is 22. What are the circumferences and the areas ? 


60. The value of ?r given in this stansa is 4 /IO, which is equal to 8*16 .. 

Compare this with the more approximate value — — (= 8‘1416) given by 
Aryabhata- Bhask&rScSrya also gives to it the same value, and represents it in 
reduced terms as 




An e: t am%le in illustration thereof, 

64. In the ease of an elliptical figure, the length (as measured 
by the longer diameter) is 36, and the breadth (as measured by 
the shorter diameter) is 12. Toll me, after calculation, what the 
measure of the circumference is, and what the minutely accurate 
measure of the area. 


The rule for arriving at the minutely accurate values in rela- 
tion to a eonchiform figure 

6bf. The (maximum measure of the) breadth (of the figure), 
diminished by half (the measure of the breadth) of the mouth, 
and (then) multiplied by the square root of 10, gives rise to the 
measure of the perimeter. The square of half the (maximum) 


03. If a represents the measure of the longer diameter and b that of the 
shorter diameter of an ellipse, then, according to the rule given h ere, the cir- 
cumference is y~uF s + 4a 2 , and the area is } b x V 06 s *+ 4 a*, It may be 
noted that this stanza, us found in the MSB., omits to mention that the square 
root of the quantity is to be taken for arriving at the value of the circumference. 
The formula for the area given hero is only an approximation, and so eras to be 

based on the analogy of tho area of a circle as represented by ird xh, where 
d is the diameter and rrcl is the circumference. 

65 f. Algebraically, circumference = (a — & m) x V 1,0 j 

area = f f (a - i m) x J } " + (^Yl x VIO ; where a is tlio measure of the 
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62. In the case of a semicircular field of a diameter measuring 
12, and of (another) field haring a diameter of 36 in measure 
what is the circumference and what the area ? 


The rule for arriving at the minutely accurate values relating 
to an elliptical figure : — 

63. The square of the (shorter) diameter is multiplied by 6 
and the square of twice the length (as measured by the longer 
diameter) is added to this. (The square root of this sum gives) the 
measure of the circumference. This measure of the cireumferenoe 
multiplied by one-fourth of the (shorter) diameter gives the 
minutely accurate measure of the area of an elliptical figure. 
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breadth (of the figure) as diminished by half the (breadth of 
the) mouth, and the square of one-fourth of the (breadth of the) 
mouth are added together ; and the resulting sum is multiplied 
by the square root of 10. This gives rise to the minutely accurate 
measure of the area in the case of the conchiform figure. 

An example in illustration thereof . 

66|. In the case of a conchiform. curvilinear figure the (maxi- 
mum breadth is 18 dandas , and the breadth of the mouth is 4 
(dandas). What is the measure of the perimeter and what the 
minutely accurate measure of the area as calculated ? 

The rale for arriving at the minutely accurate measures in 
relation to outreaching and inlying annular figures 

67|~. The (inner) diameter, to which the breadth (of the annulus) 
is added, is multiplied by the square root of 10 and by the breadth 
(of the annulus). This gives rise to the value of the area of the 
out-reaching annulus. The (outer) diameter as d imini shed by the 
breadth (of the annulus) gives rise (on being treated in the same 
manner as above) to the value of the area of the inlying annular 
figure. 

Examples in illustration thereof . 

68-J. Eighteen dandas measure the (inner or the outer) dia- 
meter of the annulus (as the ease may be) ; the breadth of the 
annulus is, however, 8 (dandas). You give out the minutely 
accurate value of the area of the outreaching as well as the inlying 
annular figure. 

69|. The (outer) diameter is 18 dandas , and the breadth of the 
inlying annulus is 4 dandas. You give out the minutely accurate 
value of the area of the inlying annular figure. 


maximum breadth, and m the measure of the mouth, of a conchiform figure. As 
observed in the note relating to stanza 23 of this chapter, the figure intended is 
obviously made up of two unequal semicircles. 
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^ The rule for arriving at the minutely accurate values relating 
to a figure resembling (the longitudinal section of) the yam grain, 
and also to a figure having the outline, of a how » 

It should he known that the measure of the string 
(chord) multiplied by one-fourth of the measure of the arrow, and 
then multiplied by the square root of 10, gives rise to the (accu- 
rate) value of the area in the ease of a figure having the outline of 
a how as also in the case of a figure resembling the (longitudinal) 
section of a yava grain. 

Examples in illustration thereof. 

71-|~. In the ease of a figure resembling (the longitudinal) 
section of the yava grain, the (maximum) length is 12 tkmdas ; 
the two ends are needle points, and the breadth in the middle is 
4 dandas. What is the area ? 

72|. In the case of a figure having the outline of a bow, the 
string is 24 in measure ; and its arrow is taken to bo 4 in measure. 
What may be the minutely accurate value of the area ? 

The rule for arriving at the measure of the (bent) stick of the 
bow as well as of the arrow, in the case ■ of' a figure having the 
outline of a how : — 

7 8-J, The square of the arrow measure is multiplied by 6, 
To this is added the square of the string measure. The square 

70£. The figure resembling a bow is obviously the segment of a circle. The 

area of the segment as given here = c x J~ x */Io, 

This formula, is not accurate. It seems to be based I ^ 

on the analogy of the rule for obtaining the area of a / ] \ 

semi-circle, which area is evidently equal to. the pro- 
duct of Try the diameter and one-fourth of the radius, c 
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root of that (which happens to be the resulting sum here) gives 
rise to the measure of the (bent) bow-stick. In the case of finding 
out the measure of the string and the measure of the arrow, a 
course converse to this is adopted. 

The rule relating to the process, according to the converse (here 
mentioned) 

74-|. The measure of the arrow is taken to be the square root 
of one-sixth of the difference between the square of the string and 
the square of the (bent stick of the) bow. And the square root of 
the remainder, after subtracting six times the square of the arrow 
from the square of the (bent stick of the.) bow, gives rise to the 
measure of the string. 

An example in illustration thereof . 

75|. In the ease of a figure having the outline of a bow, the 
string-measure is 12, and the arrow-measure is 6. The measure 
of the bent stick is not known. You (find it out), 0 friend. (In 
the ease of the same figure) what will be the string-measure (when 
the other quantities are known), and what its arrow-measure (when 
similarly the other requisite quantities are known) P 

The rule for arriving at the minutely accurate result in relation 
to figures resembling a Mrdanga , and having the outline of a 
Panam , and of a Yajra — 

76J. To the resulting area, obtained by multiplying the 
(maximum) length with (the measure of the breadth of) the 
mouth, the value of the areas of its associated bow-shaped figures is 
added. The resulting sum gives the value of the area of a figure 
resembling (the longitudinal section of) a Mrdanga . In the case 

In giving* the rule for the measure of the arc in terms of the chord and the 
largest perpendicular distance betweeen the arc and the chord, the arc forming 
a semicircle is taken as the basis, and the formula obtained for it is utilized for 
arriving at the value of the arc of any segment. The semicircular arc = r x 
VTo== Y 10 Y— Y Or* + : based on this is the formula for any are $ 

where p = the largest perpendicular distance between the arc and the chord, 
and c = the chord. ,, ■ ; •' ' 

76 h The rationale of the rule here given will be clear from the figures 
given in the note under stanza 32 above. 
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of those two (other) figures which resemble (the longitudinal 
section of) the Pcmava, and (of) the Vajra , that (same resulting 
area, which is obtained by multiplying the maximum length with 
the measure of the breadth of the mouth)., is diminished by the 
measure of the areas of the associated bow-shaped figures. (The 
remainder gives the requird measure, of the: area concerned.) 

Examples in illustration thereof. 

77|-. In the case of a figure having the outline configuration 
of a Mfdanga , the (maximum) length is 24 ; the breadth of (each 
of) the two mouths is 8 ; and the (maximum) breadth in the 
middle is 16. What is the area ? 

78|-. In the case of a figure having the outline of a Panarn , the 
(maximum) length is 24 ; similarly the measure (of the breadth of 
either) of the two mouths is 8 ; and the central breadth is 4. 
What is the area ? 

79^-. In the case of a figure having the outline of a, Vajra , 
the (maximum) length is 24 ; the measure (of the breadth of either) 
of the two mouths is 8 ; and the centre is a point. Give out as 
before what the area is. 

The rule for arriving at the minutely accurate value of the 
areas of figures resembling (the annulus making up) the rim of 
a wheel, (resembling) the crescent moon and the (longitudinal) 
section of the tusk of an elephant : — 

80|. In the case of (a circular annulus resembling) the rim of 
a wheel, the sum of the measures of the inner and the outer 
curves is divided by 6, multiplied by the measure of the breadth 

80J. The rule here given for the area of an annulus, if expressed algebraic- 
ally, comes to be — x p x V 10, where a x and a s are the measures of 

the two circumferences, and p is the measure of the breadth of the annulus. On 
a comparison of this value of the area of the annulus with the approximate value 
of the same as .given in stanza 7 above (vide note thereunder), it will be evident 
that the formula here does not give the accurate value, the value mentioned 
in the rale in stanza 7 being itself the accurate value. The mistake seems to 
have arisen from a wrong notion that in the determination of the value of 
this' area, v is involved even otherwise than in the value® of % and %. 
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fTlie result gives the value of the required area.) Half of this is 
the (required) value of the area in the case of figures resembling 
the crescent moon or (the longitudinal section of) the tusk of an 

elephant. 

Examples in illustration thereof. 

81 1 In the case of a field resembling (the circular annulus 
forming) the rim of a wheel, the outer curve is 14 in measure and 
the inner 8 ; and the (breadth in the) middle is 4. (What is the 
area?) What is it in the case of a figure resembling the ores- 
cent moon, and in the case of a figure resembling (the longitudinal 
section of) the tusk of an elephant (the measures requisite for 
calculation being the same as above) ? 

The rule for arriving at the minutely accurate value of the 
area of a figure forming the interspace included inside four (equal) 

circles (touching each other) : — 

8gi. Xf the minutely accurate measure of the area ot any one 

circle is subtracted from the quantity which forms the square 
of the diameter (of the circle), there results the value of the area 
of the interspace included within four equal circles (touching each 

oilier)* 

A n exetwip Iq hi illustTCtiiofi th&veof . 

83i. What is the minutely accurate measure of the area of the 
interspace included within four mutually touching (equal) circles 
whose diameter is 4 (in value) ? — 

821, The rationale of the rule will be clear from the figure below 
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Tli© ml© for arriving at the minutely accurate value of the 
figure formed in ■ the interspace caused by three (equal) circular 
figures touching each other ; — 

84 J. The minutely accurate measure of the area of an equila- 
teral triangle, each side of which is equal in measure to the 
diameter (of the circles) is diminished by half the area of any 
of the (three equal) circles. The remainder happens to be , the 
measure of th© interspace area caused by three (mutually touching 
equal circles). 

An example in illustration thereof. 

85|. What is the minutely accurate calculated value of a 
figure forming the interspace enclosed by three mutually touching 
(equal) circles the diameter (of each ) of which is 4 in measure ? 

The rule for arriving at the minutely accurate values of the 
diagonal, the perpendicular and the area in the ease of a (regular) 
six-sided figure : — 

86f » In the case of a (regular) six-sided figure, the measure 
of the side, the square of the side, the square of the square of the 
side multiplied respectively by 2, 3 and 3 give rise, in that same 
order, to the values of the diagonal, of the square of the perpendi- 
cular, and of the square of the measure of the area. 



yegnlar hexagon. 

for the value of the area-of the hexagon is where a is the length of a'side, ; , 

The correct formula, however, is a 2 x < — 
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An example in illustration thereof . 

87 i In the case of a (regular) six-sided figure each side is 2 
dandasln measure: Ijl relation to it, what are the squares of the 
measures of the diagonal, of the perpendicular and of the minutely 

accurate area of the figure? 

The rule for arriving at the numerical measure of the sum o a 
number of square root quantities as well as of the remainder left 
X suhJing a number of square root quantities one from 

another in the natural order : 

88 a (The square root quantities are all) divided by (such) a 
(common) factor (as will give rise to quotients which ^square 
Quantities). The square roots (of the square quantities so obtained) 
are added together, or they are subtracted (one from another in the 
natural order). The sura and remainder (so obtained) aae (both) 
squared and ’then) multiplied (separately) by the divisor actor 
r Lllv used) The square roots (of these resulting products) 
give rise to the sum and the (ultimate) difference of the quantities 
Lven in the problem) . Know this to be the process of calculation 
in regard to (all kinds of) square root quantities. 

An example in illustration thereof. 

894 0 my friend who know the result of calculations, tell me 
the sum of the square roots of the quantities consisting of 6, 36 
IT 100; »dL« (ten me) aleo the (el.im.te) temper » 
relation to the square roots (of the same qmm i ieb )* 

Thus ends the minutely accurate calculation (of the measure 

of areas). — — — 

wort Wi h.r. «“ 

in stanza 894 /T™, an <j vTOO- (v^ 0- V 16 )' Thes ® 

To find the -value of V 16 + y /36 + V lWt alul jv __ 

are to be represeatecl as 4/4 (4/4 + -1/8 +V a °) >■ / ' /4 l 4/25 *' 4/9 ^ J 

= 4/ 4 C 2 + 3 + 5 V ; =V 4 (5 - (3 ~ 2 )}. 
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Subject of treatment known as the Janya operation. 

Hereafter we shall give out the janya operation in calculations 
relating to measurement of areas. The rule for arriving at a 
longish quadrilateral figure with optionally chosen numbers as 
bljas : — 

90 J. in the ease of the optionally derived longish quadrilateral 
figure the difference between the squares (of the blja numbers) 
constitutes the measure of the perpendicular-side, the product (of 
the blja numbers) multiplied by two becomes the (other) side, 
and the sum of the squares (of the blja numbers) becomes the 
hypotenuse. 

Examples in illustration thereof. 

* 91|-. In relation to the geometrical figure to be derived option- 

ally, 1 and 2 are the hijas to he noted down. Tell (me) quickly 
alter calculation the measurements of the perpendicular-side, the 
other side and the hypotenuse. 

92|. Having noted down, 0 friend, 2 and 3 as the hljas in rela- 
tion to a figure to be optionally derived, give out quickly, after 
calculating, the measurements of the perpendicular-side , the other 
side and the hypotenuse. 

Again another rule for constructing a longish quadrilateral 
figure with the aid of numbers denoted by the name of byfasi— 

93|-. The product of the sum and the difference of the hljas 
forms the measure of the perpendicular-side. The sahkmmam of 

. ... 90 $ . Janya literally means “ arising from. ** or ,'f* apt to be .■derived ; hence 
it refers here to trilateral and quadrilateral figures that may be derived out of 
certain given data. The operation known as janya relates to the finding oat of 
the length of the sides of trilateral and quadrilateral figures to be so derived, 

Blja, us given here, generally happens to be a positive integer. Two such 
are invariably given for the derivation of trilateral and qua dr i lateral figures 
dependent on them. 

The rationale of the rule will be clear from the following algebraical 
representation : — „ ■ ;h, :. ; ' ..V/T ■..' ; CT;' Ty;;: 

If a and b are the luja numbers, then a 2 ***• b 2 is the measure of the perpendi- 
cular, 2 ah that of the other side, and a 2 - + b 2 that of the hypotenuse, of an 
oblong. From this it is evident that the bp} as are numbers with the aid of the 
product and the squares whereof, as forming the measures of the sides, a right- 
angled triangle may be constructed. 

; ■' 2 ? 
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the squares of that (sum and the difference of the bijas) gives rise 
(respectively) to the measures of the (other) side and of the 
hypotenuse. This also is a process in the operation of (construct- 
ing a geometrical) figure to be derived (from given 


An example in illustration thereof. 

94J. 0 friend, who know the secret of calculation, construct a 
derived figure with the aid of 3 and 5 as bljas> and then think 
out and mention quickly the numbers measuring the perpendi- 
cular-side, the other side and the hypotenuse (thereof). 

The role for arriving at the blja numbers relating to a given 
figure capable of being derived (from bijas). 

95J. The operation of sahkramana between (an optionally chosen 
exact) divisor of the measure of the perpendicular-side and the 4 
resulting quotient gives rise to the (required) bijas. (An optionally 
chosen exact) divisor of half the measure of the (other) side and 
the resulting quotient (also) form the bijas (required). Those 
(bijas) are, (respectively), the square roots of half the sum and of 
half the difference of the measure of the hypotenuse and the 
square of a (suitably) chosen optional number. 

An example in illustration thereof. 

96|-. In relation to a certain geometrical figure, the perpendi- 
cular is 16 : what are the bijas ? Or the other side is 30 : what are 
the bijas? The hypotenuse is 34 : what are they (the bijas) ? 

The rule for arriving at the numerical measures of the other 
side and of the hypotenuse, when the numerical measure of the 
perpendicular-side is known ; for arriving at the numerical 
measures of the perpendicular-side and of the hypotenuse, when 
the numerical measure of the other side is known ; and for arriving 


93 J. In the rule given here, a 2 — 6 ? , 2 ab, and <? s +& 2 are represented a« 

c ♦ » c - », .<* *» i ♦i-jll- 


2 ™ 2 
95 h, Tlie processes mentioned in this rule may he seen to be converse to the 
operations mentioned in stanza 90£. 
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at the numerical measure of the perpendicular-side and of the other 
side, when the numerical measure of the hypotenuse is known 

97-J, The operation of sahkramana , conducted between (an 
optionally chosen exact) divisor of the square of the measure of 
the perpendicular-side and the resulting quotient, gives rise to the 
measures of the hypotenuse and of the other side (respectively). 
Similarly (the same operation of mhkramana ) in relation to the 
square of the measure of the other side (gives rise to the measures 
of the perpendicular-side and of the hypotenuse). Or, the square 
root of the difference between the squares of the hypotenuse and of 
a (suitably chosen) optional number forms, along with that chosen 
number, the perpendicular-side and the other side respectively. 

* An example in illustration thereof . 

98|-. In the case of a certain (geometrical) figure, the perpendi- 
cular-side is 11 in measure ; in the case of another figure, the (other) 
side is 60 ; and in the case of (still) another figure the hypotenuse 
is 61, Tell me in these cases the measures of the umnentioned 
elements, y 

The rale regarding the manner of arriving at a quadrilateral 
figure having two equal sides (with the aid of the given bijm] : — ■ 

99^. The perpendicular-side of the primary figure derived (with 
the aid of the given hljas) y on being added to the perpendicular- 
side (in another figure) derived with the aid of the (two option- 
ally chosen) factors of half the base of (this original) derived 

97§. This rule depends on the following identities : — 

(a 2 - h 2 ) 2 


'{ (a - ft ) 2 
(2 ub) z 


{ 

III. v( 


-db (a-1)) 2 J -f 

. ± 26 2 J ~ 


2 = a 2 + b 2 or .2 ah as the case may be 


-t- 5 3 } s - (2 abY 


2 = c a + 6 2 or a 2 - b 2 


99J-. The problem solved in. the rule stated in this stanza is to construct with 
the aid of two given bljas a quadrilateral having two equal sides. The lengths 
ot‘ the sides, of the diagonals, of the perpendicular from the end-points of the top- 
side to the base, and of the segments thereof caused by the perpendicular are all 
derived from two rectangles constructed with the aid of the given hljas. The 
first of these rectangles is formed according to the rule given in stanza 90§ 
above. The second rectangle is formed according to the same rule from two 
optionally chosen factors of half the length of the base of the first rectangle. 


2J2 


GAN XT ASA BAS AS GEA H A . 


fi.UK (taken as the «/«). gi”« «"> ,he ‘ ,a “ 

the (required) quadrilateral with two equal sides, ihe difference 
betleL the measures et these two perpeud.oul.rn) gives the 
top-measure (of the quadrilateral). Tne smaller of the diagonals 
(relating to the two derived figures already mentioneo) gives the 
measure of (either of the two equal) sides. The smallei of is 
(two) perpendicular-sides (in relation to the two dented figures 
under reference) give, the metnure of the (smaller) segment (of the 

base formed by the perpendicular dropped thereunto from ei.be 

of the end-points of the top-side). The larger of e ( d 
diagonals (in relation to the two derived figures of re erence, gives 
the measure of the (required) diagonal. The area of he arger (of 
two derived figures of reference) is the area of the (required) 


:: 'id 

■ ... . 



taken as Hjas. Hence the first rectangle is called the primary figure m the 

Lalhe first rectangle or the primary figure derived from the Ujas as AB ■ 

A u 

Half the length of the base in this figure u 

is 30 • aaad two factors of this, namely, 3 

and 10 may be chosen. The rectangle 
constructed with the aid of these numbers 
as Wjas is BFGH. : 

B | 


To construct the required quadrilateral 
with two equal sides, one of the two 
triangles into which the first rectangle is 
divided by its diagonal is applied to the 9 q 
second rectangle on one side, and a portion 
equal to the same triangle is removed from 
the same second rectangle on the other 
side, as shown in the figure H A' F C . 



A: 




• 1 ; 


60 
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figure ; and the measure of the base (of either of the derived 
figures of reference) happens to be the measure of the perpendi- 
cular (dropped to the base from either of the end-points of the 
topside in the required figure)* 

An example in illustration thereof \ 

1Q0J. In relation to a quadrilateral with two equal sides 
constructed with the aid of 5 and 6 as bijas give out the 
measures of the top side, of the base, of (either of the two equal) 
sides, of the perpendicular (from the top to the base), of the 
diagonal), of the (lesser) segment (of the base), and of the area. 

The rule for arriving at the measures of the top-side, of the 
base, of (any one of) the (equal) sides, of the perpendicular (from 
the top to the base), of the diagonal, of the (lesser) segment (of 
the base) and of the area, in relation to a quadrilateral having three 
equal sides (with the aid of given bijas ) : — 


The process will be clear from a comparison of the diagrams 
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101 Tiie difference between the (given) blfas is multiplied 
by the square root of the base (of the quadrilateral immediately 
derived with the aid of those by as). The area of (this immedi- 
ately) derived (primary) quadrilateral is divided (by the product 
so obtained). Then, with the aid of the resulting quotient and 
the divisor (in the operation utilized as bifas, a second derived qua- 
drilateral of reference is constructed. A third quadrilateral of 


101 f . If a and b represent the given bljas, the measures of the sides of the 
immediately derived quadrilateral are 

Perpendicular-side = a 2 — b 2 
Base =r 2ab 
Diagonal = a 2 +• h 3 
Area = 2 ab x (a 2 — b 2 ) 

As in the case of the construction of the quadrilateral with two equal sides 
(vide stanza 99^ anie) i this rule proceeds to construct the required quadrilateral 
with three equal sides with the aid of two derived rectangles. The bljas in 
relation to the first of these rectangles are : — 

2 ab x (a- 2 - b 2 ): . . , , ... 

-;== ~r. *•«•. V2ab x (a + 6), and V2 ab x (a - 6). 

V2 ab x (a — b) 

Applying the rule given in stanza 90| above, we have for the first rec- 
tangle : 

Perpendicular-side = (a -f b) 2 x 2 ab — (a — b) 2 x 2ab or 8 a 2 b 2 . 

Base = 2 x j/2ab * ( a + b) x 4 / 2 'ab x (a — b) or 4ab (a 2 — b 2 ). 

Diagonal == (a + b) 2 x 2ab + (a — b) 2 x 2ab or 4 ab (a 2 + b 2 ). 

The bljas in the case of the second rectangle are : ct 2 ~ b 2 and 2ah. 

The various elements of this rectangle are : 

Perpendicular-side t= 4a 2 b 2 — (a 2 - b 2 ) 2 . ; 

Base = 4 ab (a 2 - b 2 ); 

Diagonal = 4a 2 b 2 + (a 2 — b 2 ) 2 or ( a 2 + b 2 ) \ 

With the help of these two rectangles, the measures of the sides, diagonals, 
etc., of the required quadrilateral are ascertained as in the rule given in stanza 
99f above. They are : 

Base = sum of the perpendicular-sides = S a z b 2 4 4« s b 2 — (a 2 — b 2 ) 2 . 

Top-3ide r=s greater perpendicular-side minus smaller perpendicular-side 

= 8 :»*&* - |^4o*S a -.(o , -b*)* ] = (a 2 + ft 2 ) a . 

Either of the lateral sides = smaller diagonal=(« s + b 2 ; 2 . 

Lesser segment of the base = smaller perpendicular-side = 4a 2 b 2 — (a 2 
-b 2 ) 2 . 

Perpendicular = base of either rectangle = 4ab (a 2 ~b 2 ). 

Diagonal = the greater of the two diagonals = 4ab (a 2 -j- b 2 }. 

Area = area of the larger rectangle = 8a, 2 b 2 x 4ab (a, 2 — b s ). 

It may be noted here that the measure «f either of the two lateral sides is equal 
to the measure of the top-side. Thus is obtained the required quadrilateral with 
three equal sides. 
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reference is further constructed) with the aid of the measurements 
of the base and the perpendicular* side (of the immediately derived 
quadrilateral, above referred to, used as bijm. Then, with the aid 
of these two last derived secondary quadrilaterals, all the required) 
quantities appertaining to the quadrilateral with three equal sides 
are (to he obtained) as in the case of the quadrilateral with two 
equal sides. 

An example in if lustration thereof, 

102-J. In relation to a quadrilateral with three equal sides and 
having 2 and 3 as its bijas, give out the measures of the top-side, 
of the base, of (any one of) the (equal) sides, of the perpendicular 
(from the, top to the base), of the diagonal, of the (lesser) segment 
(of the base) and of the area. 

The rule for arriving at the measures of the top-side, of the 
base, of the (lateral) sides, of the perpendiculars (from the ends of 
the top-side to the base), of the diagonals, of the segments (of the 
base) and of the area, in relation to a quadrilateral the sides of 
which are (all) unequal 

103 Jr. With the longer and the shorter diagonals (of the two 
derived rectangular quadrilateral figures related to the two sets 


103 £. The rule will be clear from the following algebraical representation. 
Let a , b, and c, d, be two sets of given hijas. Then the various required 
elements are as follow : — 

Lateral sides = 2 ab (c 2 + d*)(a~- 1- b a ) and (a 2 — b")(cr + d a )(a® +b 2 ). 

Base -= 2 cd (a 2 + b a )(a 2 +b 2 ). 

Top-side == (c 2 - d s )(a 2 + b 2 )(a s 4* b 2 ). 

Diagonals = £ (a 2 — b 2 ) x Zed + (c 2 — d z )2ab j x (a 2 + Zr ) ; and 
^ (a, 2 - b a )(e* — d*) x (« 2 + l, 2 ) 

Perpendionlars = |^(a 2 — fc 2 ) x 2cd+ (c a —d“) 2ab j x2a6j&nd 

|{« 2 - b )(c“-d 2 ) + 4<iwj x(a 2 -& 2 ) 

Segments = 

( 2 cd + (c*-d*)x2at> ] (ft -5=) ; and pa s ~I<*) (c s — * s ) 
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of _ ^ 

^ i rii— ra »“ 

(again) by the shoitei cia^ ^ ^ baae and of the top-side 

measures of the two ( u11 d " £ ' . ’ p -p be perpendicular-sides 

(of the derived figur i are arlde d together. 

bases; and the two pr } iendic ular-sides (relating to the 

Then to the product of the ( ) P F ^ rf ^ bases (of those same 

two figures of £he (two) sums (so obtained), when 

figures of reference) is . «* • diagonals (of the two figures 

multiplied by the shorter J ihe (req uired) diagonals, 

of reference), give rls d b t he base and the perpendi- 

(Those same) sums, wh«a J (o f reference), give rise 

enlar-side (respectively; of the fa o w ^ ^ of the 

mlipiTea (ip.otiv.ij) v 

diagonals; , and w. J figure of reference), give rise to 

cular-side -^^7thehase (caused by theperpendi- 
the measures of the se fc _ ments , when subtracted from 

culars). The "iues ^ ^ values of the (other) segments 

the measure of the h a , q{ ^ diag0B als (o f the required 

■■ ^ tto of the ” 

required figure). 

An example in illustration thereof. 

104$. Alter forming two derived «*.«• (of 
1 and i«nd 2 «nd 8 a. the meq „al, the 

to a quadrilateral figure ^ ^ ^ {lateral) sides, of the 

.1 tee segments (of the base), 

and of the area. 

■ ' 1 f m-rivinp- at (the measures of the sides. 

Again another rule f or g ideB 0 f which are all 

etc.. in relation to) a quadnlaW, tlo ..dee 

unequal : — 
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105-| — 107^. The square of the diagonal of the smaller (of the 
two derived oblongs of reference), as multiplied (separately) by 
the base and also by the perpendicular-side of the larger (oblong 
of reference), gives rise to the measures (respectively) of the base 
and of the top-side (of the required quadrilateral haying unequal 
sides). The base and the perpendicular-side of the smaller 
(oblong of reference, each) multiplied successively by the two dia- 
gonals (one of each of the oblongs of reference), give rise to the 
measures (respectively) of the two (lateral) sides (of the required 
quadrilateral). The difference between the base and the perpen- 
dicular-side of the larger (oblong of reference) is in two positions 
(separately) multiplied by the base and by the perpendicular-side 
of the smaller (oblong of reference). The two (resulting) products 
(of this operation) are added (separately) to the product obtained 
by multiplying the sum of the base and the perpendicular-side of 
the smaller (oblong of reference) with the perpendicular-side of 
the larger (oblong of reference). The two sums (so obtained), 
when multiplied by the diagonal of the smaller (oblong of refer- 
ence), give rise to the values of the two diagonals (of the required 
quadrilateral). The diagonals (of the required quadrilateral) are 
(separately) divided by the diagonal of the smaller (oblong of 


105 $—107$. The same values as are mentioned in the footnote to stanza 
103$ above are given here for the measures ; of the sides, ' etc. $ only they are 
stated in. a slightly different way. Adopting the same symbols as in the note to 
stanza 103$, we have : — 

Diagonals^ £ ( 2 cd~ (<r — d z ) J 2 ab + 1 2 &b + (a 2 — A°) j e z - d 2 ) j x (& s + 6 s ); 
andj^ | 2cd-(c 2 ~fl a ) j (a c -fe a )+ j 2ab + (a 2 - lr) j (c s ~d 2 )J x (a 2 + fc 2 ). 

: Perpendiculars = " ; y ) VCv 

^2ea-(cV«t a ) ' * r( 

~ ' (»* + &*». " ~ (a—h-)-, 

f ( 2cd-(c" -d~) } (a. a -6 z + ) f 2ab + (a 8 — &*}"[ (,c"-d) la" + b : ). 

and LL A * *«»• 

The above four expressions can be reduced t-o the form in which the measures 
of the diagonals and the perpendiculars are given in stanza No. 103$. The 
measures of the segments of the base are here derived by extracting the 
square root of the difference' between the squares of the side and of the perpendi- 
cular corresponding to the segment. 

28 
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reference). The quotients (so obtained) are multiplied respectively 
by the perpendicular-side and the base of the smaller (oblong of 
reference;. The (resulting) products give rise to the measures 
of the perpendiculars (in relation to the required quadrilateral). 
To these (two perpendiculars), the above values of the two sides 
(other than the base and the top-side) are (separately) added, (the 
larger side being added to the larger perpendicular and the smaller 
side to the smaller perpendicular). The differences between these 
perpendiculars and sides are also obtained (in the same order). 
The sums (above noted) are multiplied (respectively) by (these) 
differences. The square roots (of the products so obtained) give 
rise to the values of the segments (of the base in relation to the 
required quadrilateral). Half of the product of the diagonals 
(of the required quadrilateral) gives the value of (its) area. 

The rule for arriving at an isosceles triangle with the aid of a 
..single derived oblong (of reference). 

108 '|. The two diagonals (of the oblong of reference con- 
structed with the aid of the given by as), become the two (equal) 
sides of the (required^ isosceles triangle. The base (of the oblong 
of reference), multiplied by two, becomes the base (of the required 
triangle). The perpendicular-side (of the oblong of reference) is 
the perpendicular (of the required triangle from the apex to the 
base thereof). The area (of the required triangle) is the area (of 
the oblong of reference). 

lOS-g". The rationale of the rule may be made out thus : — Lei ABCD be an 
oblong and let AD be produced to E so that AD = DE. Join EC. It will be 
seen that ACE is an isosceles triangle whose equal sides are equal to the diagonals 

of the oblong and whose area is equal to that of the oblong. 
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An example in iltmtmtion thereof, 

1CH)|. 0 mathematician, calculate and tell me quickly the 
measures of the two (equal) sides, of the base and of the per- 
pendicular in relation to an isosceles triangle derived with the aid 
of 8 and. 5 as btjas. 

The rule regarding the manner of constructing a tri.Late.raI 
figure of unequal sides 

1 10"! . Half of the base of the (oblong of reference) derived 
(with the aid of the given hljm) is divided by an optionally 
chosen factor. With the aid of the divisor and the quotient (in 
this operation as l/fas), another (oblong of reference) is derived. 
The sum of the perpendicular-sides •belonging to these two (oblongs 
of reference) gives the measure of the base of the (required.) 
trilateral figure having unequal sides. The two diagonals (related 
to the two oblongs of reference; give the two sides (of the required 
triangle). The base (of either of the two oblongs of reference) 
gives the measure of the perpendicular (in the ease of the required 
triangle). 

An example in illustration thereof. 

Ill After constructing a second (derived oblong of reference) 
with the aid of half the base of the (original) figure {Le. oblong of 
reference) derived with the aid of 2 and 3 as bijas, you tell (me) 
by means of this (operation) the values of the sides, of the base 
and of the perpendicular in a trilateral figure of unequal sides. 

Thus ends the subject of treatment known as the Janya 
operation. 


110$. The rule will be clear from the following construction 


and E'FGH be the two 
derived oblongs, such that 
the base AD = the base 
EH. Produce BA to K go 
that AK = EF. It can be 
easily shown that DK = 

EG and that the triangle 
. BDK has its base RK = 

BA + EF, called the 
perpendiculars of the 
oblongs, and has its sides equal to the diagonals of the same oblongs. 


-Let ABCD 

a 
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Select of treatment known as Paisacika or 
3 devilishly difficult proolems. 

a*#---"' «r»“" d tbc •***' , **~* kB0 " 

as Pauaiikn. in relation to the equilateral cjnadn- 

The rule for ‘ fi at the numerical measure 

lateral or lougis ^ 0 . ldica lar-side, when, out of the perpen- 

of tte case and area and the perimeter, any 

dicnlar side, i « ‘ ^ ^ ^ equal> or when the area of the figure 

tw ° are option -J « gained by multiplying respectively 

happens to b. J. Hers a ny two desired quantities (out 

by optionally ch ^. ov6) . that is — (the rule for arriving 

of the Qi tb6 base and the perpendieular-side in 

at the u, ; me “ C ; auilateral quadrilateral or a longish quadrilateral 

f atl ° when the area of the figure is (numerically) equal to the 

figure,) ™ \ r (thereof) ; 0 r ; when the area of the figure 

measure of the i ^ of the base (thereof) 5 or, when 

* TOmeil ^ e l nxe is nntnerioaliy equal to the measure of the 
the area of the ^ ^ the area of the figure is numerically 

diagonal ftbei J ’ ^ ^ ^ p6rime ter ; or, when the area of 

equal to half h al to one .tMrd of the base ; or, when 

the is num erically equal to one-fourth ot the 

t be area ° the g ^ wb en the area of the figure is 

m6 IWeanalto that doubled quantity which as obtained by 

numerically equa result of adding together twice 

the (fiagonab < three times the base, four times the perpendicular- 

side and the perimeter and so on : 

U21 The of U» b.« (0« “ optionally' chosen 

• pd tvnel on being divided by the (resulting) optional 

tZ with Aich aim 

given in stanza 113^ . . . , rmmer ical value of the area where- 

side of an equilateral ’ £ tbe perimeter. Taking an equilateral 

o£ is equal to tire numerical ra ) ^ ^ measQre of its side, we 

The factor with, whicli 
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of the said; optionally chosen, .-figure, happens '. to' bo arrived at) ; 
or the base (of such an optionally chosen- figure' of the requisite 
type), on being multiplied by the factor with which the area (of 
the said figure) has to be multiplied (to give the required hind of 
result) ; gives rise to the measures of the bases of the (required! 
equilateral quadrilateral and other kinds of derived figures, 

■ Examples in illustration thereof* 

113!*, In the case of an equilateral quadrilateral figure, the 
(numerical measure of the) perimeter is equal to (that of) the area. 
What then is the numerical measure of (its) base ? In the ease 
of another similar figure), the numerical measure of the) area 
is equal to (that of) the base. Tell me in relation to that (figure) 
also (the numerical measure of the base). 

114!. la the case of an equilateral quadrilateral figure, the 
(numerical) measure of the diagonal is equal to (that of) the area, 
What may be the measure of (its) base ? And in the ease of 
another (similar) figure, the (numerical) measure of the perimeter 
is twice that of the area. Tell me (what may be the measure of 
its base). I :; -rip b; ■’ -V.- : v.'V : ■ -("’I 

115 Here in the case of a longish quadrilateral figure, 
the (numerical) measure of the area is equal to that of the 
perimeter; and in the ease of another (similar)! figure, the 
(numerical) measure of the area is equal to that of the diagonal 
What is the measure of the base (in each of these cases) ? 

1I6|. In the ease of a certain equilateral quadrilateral figure, 
the (numerical) measure of the base is three times that of the area. 
(In the case of) another equilateral quadrilateral figure, the 
(numerical ) measure of the diagonal is four times that of the area. 
What is the measure of the base (in each of these cases) P 

the measure of the perimeter, via. 20, has to be multiplied in order to make It 
equal to the measure of the area, via., 25, is f. If 5, the measure of aside of the 
optionally chosen quadrilateral is divided by this factor f, the measure of the 
side of the required quadrilateral is arrived at. 

The rule gives also in another maimer what is practically the same process thus ; 
The factor with which the measure. of the area, viz. 25 has to be multiplied in 
order to make it equal to the measure of the perimeter, vis. 20, is f, If 5, the 
measure of a side of the optionally chosen figure is multiplied by this factor f, the 
measure of the side of the required figure is arrived at. 
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11 7|~. Iii the ease of a longish quadrilateral figure, (the numeri- 
cal measures of) twice the diagonal, three times the base and four 
times the perpendicular-side being taken, the measure of the 
perimeter is added to them. Twice (this sum) is the (numerical) 
measure of the area. (Find out the measure of the base.) 

1181. In the ease of a longish quadrilateral figure, the 
(numerical) measure of the perimeter is 1. Tell me quickly, after 
calculating, what the measure of its perpendicular side is, and 
what that of the base. 

119 J In the case of a longish quadrilateral figure, the (nume- 
rical measures of twice the diagonal, three times the base, and four 
times the perpendicular, on being added to the (numerical) measure 
of the perimeter, become equal to 1 , (Find out the measure of 
the base.) 

Another rule regarding the process of arriving at the number 
representing the bljas in relation to the derived longish quadri- 
lateral figure : — 

120ijf. The operation to arrive at the generating (blfas) in re- 
lation to a longish quadrilateral figure consists in getting at the 
square roots of the two quantities represented by (1) half of the 
diagonal as diminished bj the perpendicular-side and (2 ) the 
difference between this quantity and the diagonal. 

• An example in illustration thereof. 

121J. In the case of a longish quadrilateral figure, the per- 
pendicular-side is 55, the base is 48, and then the diagonal is 78. 
"What are the bijas here ? 


120|. The rule in stanza 95|-of this chapter relates to the method of arriv- 
ing at the bzjas from the base or the perpendicular or the diagonal of a longish 
quadrilateral* But the rule in this stanza gives a method for finding put the 
bijas from the perpendicular and the diagonal of a longish quadrilateral. The 
-process described is based on the following identities : — 

= b ; a,ua\/ r ,2 4 . h 0_ i> e ~( aS ~ b ^ 

V g 2 ~ = a, 

where a 2 4- P is the measure of the diagonal, and a 2 ~6 2 is the measure of the 
perpendicular-side ol a longish quadrilateral, a and b being the required Wjas. 
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The rule for arriving' at the (longish quadrilateral) figure 
associated with a diagonal having a numerical value optionally 
determined : — 

122|% Each of the various figures that are. derived with the 
aid of the given (Bjas) is written down ; and by means (of the 
measure) of its diagonal the (measure of the) given diagonal is 
divided. The perpendicular-side, the base, and the diagonal (of 
this figure) as multiplied by the quotient (here)' obtained, give rise 
to the perpendicular-side, the base and the diagonal (of the required 
figure). 

An example in illustration thereof. 

12S|-124|. 0 mathematician, quickly bring out with the aid of 
the given {by as) the (value of the) perpendicular-side s and. the bases 
of the four longish quadrilateral figures that have respectively 1 
and 2, 2 and 8, 4 and 7, and 1 and 8, for their Ifijm, and are also 
characterised by different bases. And, (in the problem) here, the 
diagonal is (in value) 6o. Give, out (the measures of) what may 
be the (required) geometrical figures (in that case). 

The rule for arriving at the numerical values of the base and 
the perpendicular side' of that derived longish quadrilateral figure, 
the numerical measures of the perimeter as also of t he diagonal 
whereof are known : — 

125|. Multiply the square of the diagonal by two; .(from the 
resulting product), subtract the square of half the perimeter ; 
(then) get at the square root (of the resulting difference), If (this 
square root be thereafter) utilized in the performance of the 

1221. The rule is based on the principle that the sides of a- right angled 
triangle vary as the hypotenuse, although for the same measure of tiro hypo- 
tenuse there may be different sets. of .-rallies for the Bi&esv- 

125-J*. If a and b represent the sides of a rectangle, then f a* + b* is the 
measure of the diagonal, and 2a + 26 is the measure of the perimeter. It can ho 
seen easily that . : = ; j y ; A : V ■■ y ■ v, 

+ ^ 2 ( V« r + _ e) - j ; + 2 = an{1 


2a + 26 




■+2 = 6 * 


These two formulas represent algebraically the method described ia the rale here* 
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operation of saukraMCLyifi along* with, half the perimeter, tbe 
(required) base and also the perpendicular-side are arrived at. 

An example in illustration thereof . 

1 The perimeter in this case is 34 5 and the diagonal is 
aeen to" he 13. Give out, after calculating, the measures of the 
perpendicular-side and the base in relation to this derived figure. 

The rule for arriving at the numerical values of the base 
and the perpendicular-side when the area of the figure and the value 
of the diagonal are known 

127 1 • Twice the measure of the area is subtracted from the 
square of the diagonal. It is also added to the square of the 
diagonal. The square roots (of the difference and of the sum so 
obtained) give rise to the measures of the (required) perpendicular- 
side and the base, if the larger (of the square roots) is made to 
undergo the process of sahkramam in relation to the smaller 
(square root). 

An example in illustration thereof. 

128t- In the case of alongish quadrilateral figure, the measure 
of the area is 60, and the measure of its diagonal is 13. T wish 
to hear (from you) the measures of the perpendicular-side and the 

base. 

The rule for arriving at tbe numerical values of the base and 
the perpendicular-side in relation to a longish quadrilateral 
figure, when tbe numerical value of tbe area of tbe figure and tbe 
numerical value of the perimeter (thereof) are known 

1291 . From the quantity representing the square of half the 
perimeter, the measure of the area as multiplied by four is to be 

1271 . Adopting the same symbols as in the note to stanza- 126$, we have the 
following formula to represent the rule here given ^ ^ 

f lj ( +2ab ± A / ] 4-2=0 or 6 , 

as the case may he. 

129|. Here we have , ; , • l 

r 2o + 2b / / 2(i + 2b \ 2 " 

2 — ±V I ”)- 406 ' 


ri- 2=o or b, as the ease may be. 
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subtracted. Then, on carrying out the process of BcmUramma 
with the square root (of this- resulting- difference) in relation to 
half the measure of the perimeter, the values of the (required) 
base and the perpendicular-side are indeed obtained. 

An example in illustration thereof. • : 

130f. In a derived longish quadrilateral figure, the measure 
of the perimeter is 170; the measure'' of the given area is 1,500. 
Tell me the values of the perpendicular-side and the base (thereof). 

The rule for arriving' at the respective pairs of (required) 
longish quadrilateral figures, (1) when the numerical measures of 
the perimeter are equal, and the area of the first figure is double 
that of the second ; or, (2) when the areas of both the figures a re 
equal, and the numerical measure of the perimeter of the second 
figure is twice the numerical measure of that of the first figure ; 
or, (3) (again) when, in relation to the two required figures, the 
numerical measure of the perimeter of the second figure is twice 
the numerical measure of the perimeter of the first figure, and the 
area,, of the first figure is. twice the area of the second figure : — 

131«| — 133. (The larger numbers in the given ratios of) the 
perimeters as also (of) the areas (relating to the two required 
longish quadrilateral figures.) are divided by the smaller (numbers) 
corresponding to them. (The resulting quotients) are multiplied 
(between themselves) and (then) squared. (This same quantity,) 


131 1 to 133. If x and y represent the two adjacent sides of the first 
rectangle, and a and h the. two adjacent sides of the second rectangle, the 
conditions mentioned in the three kinds of problems proposed to be solved by 
this rule may be represented thus 

(1) a3 + 9 = <2*6: 

-as|f;-_ss5=; 2adi;.A.. y'-;/.. 

(2) 2 (a? + y) = a + b : 

'A .0 asgr’ : ,A_ / 

(3) 2 (x + y) = a + b : 

m = 2a h. , ; A'\/ 

The solution given in the rale seems to be correct only for the particular 
cases given in the problems in stanzas 134 Jo 130. 
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on being multiplied bj the given optional multiplier, gives rise to 
the value of the perpendicular- side. And in the ease in which 
the areas (of the two required figures) are (held to be) equal, 
(this measure of) the perpendicular-side as diminished by one 
becomes the measure of the base. But, in the other case (wherein 
the areas of the required figures are not held to be equal), the 
larger (ratio number) relating to the areas is multiplied by the 
given optional multiplier, and (the resulting product is) diminished 
by one. The measure of the perpendicular-side (arrived at as 
above) is diminished by the quantity (thus resulting) and is (then) 
multiplied by three : thus the measure of the base (is arrived at). 
Then, in respect of arriving at the other (of the two required 
quadrilateral figures), its base and perpendicular are to be brought 
out with the aid of the (now kaowable) measure of its area and 
perimeter in accordance with the rule already given (in stanza 1 29J). 

Examples in illustration thereof . 

184. There are two (quadrilateral) figures, each of which is 
characterised by unequal length and breadth; and the given 
multiplier is 2. The measure of the area of the first (figure) is 
twice (that of the second), and the two perimeters are equal. 
What are the perpendicular-sides and the bases here (in this 
problem) ? 

135. There are two longish quadrilateral figures ; and the 
(given) multiplier is also 2. (Their) areas are equal, (but) the 
perimeter of the second (figure) is twice that of the first. (Find 
out their perpendicular-sides and bases.) 

136. There are two longish quadrilateral figures. The area of 
the first (figure) here is twice (that of the second figure). The 
perimeter of the second (figure) is twice (that of the first). Give 
out the values of their bases and their perpendicular-sides. 

The rule for arriving at a pair of isosceles triangles, so that 
the two isosceles triangles are characterised either by the values of 
their perimeters and of their areas being equal to each other, or 
by the values of their perimeters and of their areas forming 
multiples of each other ; — 
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137* The squares (of the ratio-rallies) of the perimeters (of 
the required isosceles triangles) are multiplied by (the ratio-values 
of) the areas (of those triangles) in alternation. (Of the two 
products so obtained), (the larger one is) divided by the smaller; 
and (the resulting quotient) is multiplied by sw and (is also 
separately multiplied) by invj. The smaller (of the two products 
so obtained) is diminished' by one. The larger product and the 
diminished smaller product constitute the two bljm. (in relation 
to the longish quardrilateral figure) from which one (of the re- 
quired triangles) is to he obtained. The difference between these 
(two bljm above noted) and twice the smaller erne (of those bljm) 
constitute the bljm (in relation to the longish quadrilateral figure) 
from which the other (required triangle) is to be obtained, (From 
the two longish quadrilateral figures formed with the aid of their 
respective bzjas), the sides and the other things (relating to the 
required triangles) are to be arrived at as (explained) before. 


137. When a: bid the ratio of the perimeters of the two isosceles triangles, and 

c . d the ratio of their areas, then, according to the rule, ~± am j JL I 
v ' a- a «r a 

an( ] c + i an a ~ — 2 are the two sets of hijas, with the help of which 
a 2 d & 

the valc.es of the various required elements of the two isosceles triangles may be 
arrived at. The measures of the sides and the altitudes, calculated from these 
hijas according to stanza 108£ in this chapter, when multiplied respectively by a 
and 5, (the quantities occurring in the ratio of the perimeters), give the required 
measures of the sides and the altitudes of the two isosceles triangles. They are 
as follow : — 

1 Equal side = a * + (-W'- 1 ) } 


f2b z o 
\ <r d 


x ) 


6 l-c 

Base == o x 2 x 2 x ■— p * 

Altitude == « x { ^~Fj) ~ (W ~ 1 ) } 


IX 


Equal side 
Base = b x 2 
Altitude = h x 


b x 




d 

-.*» (w - 2 ) 


Now it may be easily proved from these values that the ratio of the perime- 
ters is a : b, and that of the areas is e : d, as taken for granted at the beginning. 
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Examples in illustration thereof \ 

188. There are two isosceles triangles. Their area is the same. 
The perimeters are (also) equal in value. What are the values of 
their sides, and what of their bases ? 

189. There are two isosceles triangles. The area of the first 
one is twice (that of the second). The perimeter of both (of them) 
is the same. What are the values of (their) sides, and what of 
(their) bases ? 

140. There are two isosceles triangles. The perimeter of the 
second (triangle) is twice (that of the first). The areas of the two 
(triangles) are equal. What are the values of (their) sides, and 
what of (their) bases ? 

141. There are two isosceles triangles. The area of the first 
(triangle) is twice (that of the second) ; and the perimeter of the 
second (triangle) is twice (that of the first). What are the values 
of (their) sides, and what of (their) bases P 

The rule for arriving at an equilateral quadrilateral figure, or 
for arriving at a regular circular figure, or lor arriving at an equila- 
teral triangular figure, or for arriving at a longish quadrilateral 
figure, with the aid of the numerical value of the proportionate 
part of a given suitable thing (from among these), when any 
optionally chosen number from among the (natural) numbers, 
starting with one, two, &e., and going beyond calculation, is made 
to give the numerical measure of that proportionate part of that 
given suitable thing : — 

142. The (given pleasure of the) area (of the proportionate part) 
is divided by the (appropriately) similarised measure of the part 
held (in the hand). The quotient (so obtained), if multiplied by 
four, gives rise to the measure of the breadth of the circle and 

142, In problems of the kind given under this rule, a circle, or a square, or 
an equilateral triangle,or an oblong is divided into a desired number of equal parts, 
each part being bounded on, one side by a portion of the perimeter and bearing 
the same proportion to the total area of the figure as the portion of the perimeter 
bears to the perimeter as a whole. It will he seen that in the case of a 
circle each part is a sector, in the case of a square and an oblong it is a rectangle, 
and in the case of an equilateral triangle it is a triangle. The area of each part 
and the length of the original perimeter contained in each part are both of given 
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(also) of the square. (That same) quotient, if multiplied by <ux, 
gives rise to the required measure of the base of the (equilateral) 
triangle as also of the longish quadrilateral figure. Half (of 
this) is the measure of the perpendicular-side (in the case of the 
longish quadrilateral figure).. 

An example, in illustration thereof* 

143-145. A king caused to bo dropped an excellent carpet on 
the floor of (his), palace in the inner apartments of his zenana 
amidst the ladies of his harem. That (carpet) was (in shape) a 
regular circle. It was held (in hand) by those ladies. The fist- 
fuls of both their arms .made -each (of them) acquire 15 (drndas out 
of the total area of the carpet). How many are the ladies, and 
what is the diameter (of the circle) here ? . What arc the sides of 
the square (if that same carpet be square in shape) ? and what the 


magnitude. The stanza states a .rule for finding out the measure of the diameter' 
of the circle, or of the sides of the square, or the equilateral triangle or the oblong. 
If to represents the area of each part and n the length of a part of the total, 
perimeter, the formulas given in the rule are— 

. O'd : '}■- '*■ ,■ ^ ■ ■ '■ V; ; ' ■'hThT:/ 

x 4 s= diameter of. the 'circle, or -side of ; the. 'square : 


x 6 = side of the equilateral triangle or of the oblon; 


and half of — x 6 = .the length of the perpendicular-hide in the case of the 
% 

1 oblong.'. 

The rationale will be clear from the following-' equations, where * "re- 
presents the number of parts into which ouch figure is divided, u is the length of 
the radius in the case of the circle, or the length of aside in the case of the 
other 'figures ; and b is the vertical side of the oblong: 

In the case of the Circle —Li!?? == 3L-L. . 

x x n 2 rc a* 

x x m a 2 ■ 

In the case of the Square 8=5 -r- ; 

. 1 ■ m y ti, 4 v > 


.In. ; the: : case of the Equilateral Triangle 


In the case of the Oblong = ; here h is taken to be equal 

x x n 2 ( a + b ) ? 

to half of a. 

It has to be noted that only the approximate value of the area of the equilateral 
triangle, as given in stanza 1 of this chapter, is adopted hero. Otherwise the 
formula given in the rule will not hold good. 

143-145. What is called Jistful in this problem is equivalent to four mgulaa 
in measure. ' 
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sides of the equilateral triangle (if it be equilateral! y triangular 
in shape)? Tell (me), 0 friend, the measures of the perpendicular 
side and the base, in (case the carpet happens to be) a longish 
quadrilateral figure (in shape). 

The rale for arriving at an equilaterally quadrilateral figure or 
at a longish quadrilateral figure when the numerical value of the 
area of the figure is known : — * 

148. The square root of the accurate measure of the (given) 
area gives rise to the value of the side of the (required) equilateral 
quadrilateral figure. On dividing the (given) area with an option- 
ally chosen quantity (other than the square root of the value of 
the given area, this) optionally chosen quantity and the resulting 
quotient constitute the values of the perpendicular- side and the 
base in relation to the (required) longish quadrilateral figure. 

An example in illustration thereof . 

147. What indeed is that equilateral quadrilateral figure, the 
area whereof is 64 ? The accurate value of the area of the longish 
(quadrilateral) figure is 60. What are the values of the perpen- 
dicular-side and the base here ? 

The rule for arriving at a quadrilateral figure with two equal 
sides having the given area of such a quadrilateral figure with 
two equal sides, after getting at a derived longish quadrilateral 
figure with the aid of the given numerical bijax and also after 
utilizing a given number as the required multiplier, when the 
numerical value of the accurate measure of the area of the required 
quadrilateral figure with two equal sides is known : — 

148. The square of the given (multiplier; is multiplied hy the 
that (given) area. The (resulting) product is diminished by 
the value of the area (of the longish quadrilateral figure) derived 
(from the given bijas), The remainder, when divided by the base 

148. The problem here is to construct a quadrilateral figure of given area, and 
with two equal sides. For this purpose an optionally chosen number and a set of 
two bJjas are given. The process described in the rule will become clear by 
applying it to the problem given in the next stanza. The btjas mentioned 
therein are % and 3 ; and the given area is 7, the given optional number being 3. 




(of this derived longisk quadrilateral figure), gives rise to the 
measure of the top-side. The value of the perpe adic ui a r- side (of 
the derived longisk quadrilateral figure), on being multiplied by 
two and increased by the value of the top-side (already arrived 
at), gives rise to the value of the' base. The value of the base (of 
the derived longisk quadrilateral .figure) is (the same as- that 


: 63. From this 63, 


; The first thing we have . to-, do is to construct a rectangle- with the . aid ait . 
■ tb© given btyas in accordance with 

the nil© laid 'down in stanza 90 J in ... U 

this chapter. : That rectan gl e . comes 
■to have '5 ' 'for .-the measure • of its 
. smaller , side, 12 for the measure, of 
its larger . side, and 13 for the 
measure of Its. diagonal $ . and its 
area is <"60 in ■ value. How "the area- 
given in the problem is to be multi- — ~ ~ " 

plied by the square of the given 
optional . number in the problem, so that we obtain 7 x S* 
we have, to subtract 60, which, is 
■the' measure of the area of, the i 
rectangle constructed on the basis 
of the given bihs : and this gives 3 
as the remainder. .Then '-'the thing 

to be clone is to construct a rectangle, the urea whereof is equal to this 3, and. 
on© of the sides is equal to the longer side } 

of the .' rectangle,.,- derived from the same 1 

btjds. . . Since this longer side is equal to 12 
: in value, .the smaller side of the required 
rectangle has. to be-'- f . in value as shown. 

. in the figure here. Then' the two triangles, 
into which the rectangle derived from the 
M$a$ may.-: be ' split up : by . its diagonal . 
are added one un each side to this last 
' rectangle,- so that the sides measuring- .12 
,. in. -.-'the 'case of these triangles coincide 
'.'with -"the 'sides'-.-, of-.' the rectangle having 
12 as their measure. The figure here 
v ,:exMbits'.'th'e:.6pemtlon,-;- 

Thus in the end we get tlio quadrilateral 
.■ ; "'.' ; figui*e'- '-' having ■ ..two-, equal ' sides, each of 
which measures 13, the value of the other 
two sides being and lOf respectively. 

From this the values of the sides of 

the quadrilateral required in the problem may be obtained by dividing by the 
given optional number namely 3, the values of its sides represented by 13, 13 

and 10K 
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of) the perpendicular dropped (from the ends of the top-side) ; 
and the diagonals (of the derived longish quadrilateral figure) are 
(equal in value to) the sides. These (elements of the quadrila- 
teral figure with two equal sides arrived at in this manner) have 
to be divided by the given multiplier (noted above to arrive at 
at the required quadrilateral figure with two equal sides). 

An example in illustration thereof. 

149. The accurate value of the (given) area is 7 ; the optional 
given multiplier is 3 ; and the bijas are seen to be 2 and 3. Give 
out the values of the two sides of a quadrilateral figure with two 
equal sides and of its top-side, base, and perpendieular. 

The rale for arriving at a quadrilateral figure with three 
equal sides, having an accurately measured given area,, (with the 
aid of a given multiplier) : — 

150. The square of the value of the (given) area is divided by 
the cube of the given (multiplier). (Then) the given (multiplier) 
is added (to the resulting quotient). Half (of the sum so obtained) 
gives the measure (of one) of the (equal) sides. The given 


150. It is stated in tlie rule here that the given area when divided by the 
given optional number gives rise to the 
value of the perpendicular in relation 
to the required figure. As the area is 
equal to the product of the perpendi- 
cular and half the sum of the base and 
the top-side, the given optional number 
represents the measure of half the sum 
of the base and the top-side. If 
A BCD be a quadrilateral with three 
equal sides, and CE the perpendicular 
from 0 on AD, then AE is half the 
sum of AD and BO, and is equal to the 
given optional number. It can be 
easily shown that 2 AD. AE =CE 2 + 

API 2 . 



AD = 


CE 2 + AE 2 CE 2 AE 

2 AE* 2 : 


CE 2 x AE 2 
~ AE 3 


+ AE 


(CE x AE) 1 
AE 3 


■+ AE.- 


2AE 


2 2 
Here CE x AE s= the given area of the quadrilateral. This last formula 
happens to be what is given in the rule for finding out any of the three eqnai 
sides of the quadrilateral contemplated in the problem. 




152. The area of a quadrilateral wifcb -unequal sides has already been meu- 
t ion eel to 'be where^htf the perimeter, md 

a I c , and A are the measures of the sides (tide note to stanza 50 in this chapter). 
The rule here given requires that the numerical value of the area should be 
squared and then divided separately by the four optionally chosen divisors. If 
($_ a ) (s — bKa—c) (a-d) is divided by four suitably chosen divisors so as to 
give as quotients s-~h, s~c, and «- d, then on adding these quotients and 
halving their sum, the result is seen to h & s> If s is diminished in order by 
s^a, $~~b 3 s-c, and s~d, the remainders represent respectively the values of the 
sides of the quadrilateral with unequal sides. 
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(multiplier) as multiplied by two and (then) diminished by the 
value of the side (just- arrived at) gives .rise to the value of the 
top-side. And the (given) area divided by the given (multiplier) 
gives rise to the value of the perpendicular (dropped from the 
ends of the top-side) in relation to this required quadrilateral figure 
with three equal sides. . . 


An example in illustration thereof, 

151. In the case of a certain quadrilateral figure with three 
equal sides, the accurate value of the area is 96. The given 
multiplier is 8. Give out the values of the base, of the sides, of 
the top-side and of the perpendicular. 

The rule for arriving' at the numerical measures of the top- 
side, of the base, and of the (other) sides in relation to a quadrila- 
teral figure having* unequal sides, with the. aid of 4 given divisors, ■: 
when the accurate value of the area (of the required quadrilateral 
figure) is known 

152. The square of the given area is divided (separately) by 
the four given divisors ; (and the four resulting quotients are 
separately noted down). Half of the sum of (those) quotients 
is (noted down) in four positions, and is (in order) diminished 
(respectively) by those (quotients noted down above). The 
remainders (so obtained) give rise to the numerical values of the 
sides of a quadrilateral figure (having unequal sides and conse- 
quently) named ‘ unequal. ? 
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Aju cftcivMj) I b in illustration thereof . 

153-153^. I 11 the the ease a <l a adrilateral figure with unequal 
sides, the (given) accurate measure of the area xs 90. And the 
product of 5 multiplied by 9, as multiplied by 10, 18, 20 and 
36 respectively, gives rise to the (four given) divisors. Tell me 
quickly, after calculating, the numerical values of the top-side, the 
base and (other) sides. 

The rule for arriving at the numerical value of the sides 
of an equilateral triangular figure possessing a, given accurately 
measured area, when the value of (that) accurately measured area 
is known : — 

I54i. Pour times the (given) area is squared. (The resulting 
quantity) is divided by 3. The quotient (so) obtained, happens 
to he the square of the square of the value of the side of an 
equilateral triangular figure. 

An example in illustration thereof. 

155J, In the case of a certain equilateral triangular figure, 
the given area is only 3. Calculate and tell me the value of (its) 
side. 

After knowing the exact numerical measure of a (given) 
area, the rule for arriving at the numerical values of the sides, 
the base and the perpendicular of an isosceles triangular figure 
having that same accurately measured area (as its own) : — 

156-|. In the ease of the isosceles triangle (to be so) construc- 
ted, the square root of the sum of the squares of the quotient 
obtained by dividing the (given) area by an optionally chosen 
quantity, as also of (that) optionally chosen quantity, gives rise 
to the value of the side : twice the optionally chosen quan- 
tity gives the measure of the base ; and the area divided by 

154«f. The rule here given may be seen to be derived from the formula for 
the area of an equilateral triangle, viz., area — a a x ^ | where a is the 
measure of a side. 

156|. In problems of the kind contemplated in this rule, the measure of the 
area of an isosceles triangle is given, and the value of half the base chosen at 
option is also given. The measures of the perpendicular and the side are then 
easily derived from these known quantities. 
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Wh«n tbe area aufi the base of a triangle are given, tho loeas of tho vertex 
is a line parallel to the base, and the sides can have any set ot values. In order 
to arrive at a specific set of values for the sides, it is evidently assumed hero 
that the sum of the two sides is equal to tho sum of the base and twice the 

altitude, i.e., equal to -+ 2 JL With this assumption, the formula above 
2 (t- 7*4 w 

.riven for the measure of the sides can bo derived from tho general formula for 
the area of tho triangle, ^ •**“?* 50 , af tU » 

chapter. 


the optionally chosen quantity 'gives 'rise- to the measure of the 
' perpendicular. 

t ' Ah example in illustration thereqf* 

1 57 i* In the ease of an isosceles triangular figure, the accurate 
measurement of the area is 12. The opt ton oily chosen quantity 
Is ?). Give out quickly, 0 friend,- the value's- of (its) sides, hast!, 
and perpendicular. 

The rule for arriving, after knowing the exact numerical 
measure of a (given) area., at a triangular figure with unequal 
sides, having that same accurately measured area (as its own) : — 

1 5S|. The given area is multiplied by eight, and to the 
resulting product the square of the optionally chosen quantity is 
added. Then the square root (of the sum so resulting is obtained}. 
The cube (of: this square root) is (thereafter) divided by the option- 
ally chosen number and (also)" by the square root (obtained as above) . 
Half of the optionally chosen number gives the measure of the 
base (of the required triangle). The quotient (obtained in the 
previous operation) is lessened (in value) by the (measure of this) 
base. (The resulting quantity) is to be used in carrying out the 
sankranuma process in relation to the square of the optionally 
chosen quantity as divided by two as well as the square root 
(mentioned above). (Thus) the values of the sides are arrived at. 

.15& 1 /. If A represents tho area of a. triangl*, and d is the optionally chosen 
■ , number^ --then -according, to the rule the required values are obtained thus : . 
d 

2 —base ; 

( a/ S A + d“) ^ g g. d 

d sj 8A+1P 2 2 V 8*+d\ 
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An example in illustration thereof . 

1594. In the ease of a certain triangular figure with unequal 
sides, it lias been pointed out that 2 constitutes the accurate 
measure of its area and 3 is the optionally chosen quantity. 
What is the value of the base as well as of the sides (of that 
triangle) ? 

Again, another rule for arriving, after knowing the exact 
numerical measure of a (given) area, at a triangular figure with 
unequal sides having that same (accurately measured) area (as its 
own) : — 

160|~16h|, The square root of the measure of the given area 
as multiplied by eight and as increased by the square of an option- 
ally chosen number is obtained. This and the optionally chosen 
number are divided by each other. The larger (of these quotients) 
is diminished by half of the smaller (quotient). The remainder 
(thus obtained) and (this) half of the smaller (quotient) are 
respectively multiplied by the above-noted square root and the 
optionally chosen number. On carrying out, in relation to the 
products (thus obtained), the process of sankramana , the values 
of the base and of one of the sides are arrived at. Half of the 
optionally chosen number happens to be the measure of the other 
side in a triangular figure with unequal sides. 

An example in illustration thereof. 

162 - |. In the case of a triangle with unequal sides, the accurate 
measure of the area is 2, and the optionally chosen quantity is 3. 
0 friend who know the secret of calculation, give out the measure 
of the base as well as of the sides. 

The rule for arriving, after knowing the accurate measure of 
a (given) area, at a regularly circular figure having that accurately 
measured area (as its own) : — - 

163- J. The accurate measure of the area is multiplied by four 
and is divided by the square root of ten* On getting at the square 

163J. The anile in this stanza Is derived from the formula, area = x a / w s 
where d is the diameter of the circle. 
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root (of the quotient resulting thus), the value of the diameter 
happens to result. In relation to a regular circular figure, the 
measure of the area and the circumference are to he made out m 
explained before. 

An example in ittmimtkm thereof. 

I In the ease of a regular circular figure* the accurate 
measure of tin} area has been pointed out to. bo 5. Calculate 
quickly, and tell me what the diameter of this -(circle) . may bo. 

On knowing the approximate measure as well as the 'accurate 
measure of an area* the rule for arriving at a quadrilateral figure 
with two equal sides as well as at a quadrilateral figure with three 
equal sides,, having those same approximate and accurate measures 
(as such measures of their areas) 

I65f:. In the case of (the quadrilateral with) two equal sides? 
the square root of the difference between the squares of the 
(approximate and accurate) measures of the area is to be obtained/ 
On adding (this square root) to the optionally .chosen quantity and 
on. 'subtracting (the same square root from the same optionally 
chosen quantity), the base and the top-side are so obtained as to 
have to be divided by the square root of the optional quantity. 
The approximate measure of the area gives' rise to the value .of the 
sides so as to have to be divided by the square root of the optional 
quantity, 

165jf* If R represents the approximate area of a quadrilateral with two equal 
sides, and r the accurate value thereof, and p is the optionally chosen number, 
then. __ . ■ •■■■■ . . : . d.$v' 

V§> - r" + P .. . . p - a/% z ~- ♦**.. • ' ■ , .. 

base = — — “H " v top-side. 5 a nd each, or the 


equal sides =- — If a, &, c and d bo the measures of the sides of 



the quadrilateral with two equal sides, o 

then it may be som that • . r — — - — *-», 
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In the case of (the quadrilateral figure with) three equal sides, 
the square root (of the difference between the two area-squares above 
noted) is added to the approximate measure of the area. (On 
treating the resulting sum as the optional quantity and) on adding 
and subtracting (the said square root as before), the base and the 
top-side are obtained so as to have to be divided by the square root 
of (such) optional quantity. (Here also), the approximate measure 
of the area, on being divided by the square root of (this) optional 
quantity, gives rise to the measure of the other sides. 

An example in illustration thereof . 

166J. The accurate measure of the area is 5 ; the approximate 
measure of the area is 18 ; and the optionally chosen quantity is 16. 
What are the values of the base, the top-side, and the (other) side 
in the case of a quadrilateral figure with two equal sides P 

An example relating to ci quadrilateral figure with three 
equal sides. 

167J. The accurate measure of the area is 5 ; and the approxi- 
mate measure of the area is 13. Think out and tell me, 0 friend, 
the values of the sides of the quadrilateral figure with three 
equal sides. 

The rale for arriving, when the approximate and the accu- 
rate measures of an area are known, at the equilateral triangle and 
also at the diameter of the circle, having those same approximate 
and accurate measures (for their area) ; — 

168!“. That which happens to be the square root of the square 
root of the difference between the squares of the (approximate 
measure and of the accurate measure of the* given) area is to be 


r =iiL±J*> , P = (L±i) s ; and , ^ 

The formulas given above for the base and the top- side can be easily verified 
by substituting these values of R, > and $> therein . Similarly the rule may be 
seen to hold good in the case also of a quadrilateral figure with three equal sides. 

16BJ. For the approximate and accurate values of an equilateral triangle see 
rules is stanzas 7 and 50 of this chapter. » 
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multiplied by two. The result is the measure of the side in the 
(required) equilateral triangle. It m also the measure of the 
diameter of the (required) regular circle. 

Examples in iUmtmtion thereof . 

169 The approximate area is 18. The accurate area is the 
square root of 8 s as multiplied fay 9. Tell me, 0 friend, after 
calculating, the measurement of the (required) equilateral triangle. 

170|. The accurate' measure (of the area) is the square root of 
8,250. The approximate measure (of the area): is' 75, What is the 
measure of the diameter of the circle (having such areas) ? 

When the practically approximate and the accurately calcu- 
lated measures of an area are known, the rule for arriving* at the 
numerical values of the base and the side of an isosceles' triangle 
having the same approximate and accurate measures for its area 

I71f~. Twice the square root of the . difference between the 
squares of the (approximate and the accurate)' measures of the 
area is to he taken as the base of a' (certain isosceles) triangle'; 
and the given approximate measure (of the area) is to be taken as 
the, value of one of the equal sides. And on dividing (these 
values of the base and the side) by the square root of half (the 
above derived value) of the base, (the required measures of the 
base and the side of the required isosceles triangle are obtained). 
This is the rule in relation to the isosceles triangle. 

An example in illustration thereof 

172 It is pointed out that here, in this ease, the accurate 
measure of the area is 60, and the approximate measure is 65. 
Tell me, 0 friend, after calculation, the numerical measure of the 
sides of the (required) isosceles triangle. 

An optional number and a quadrilateral figure with two equal 
sides being given, the rule for arriving at the numerical values of 
the base, and the top-side, and the (other) sides of another qua (bi- 
lateral figure (with two equal sides) which has an accurate measure 
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of area equal to tie accurate measure of the area of the given 
quadrilateral figure with two equal sides 

173 If the square of the value of the perpendicular (in the 
given quadrilateral figure with two equal sides) is used along with 
the given optional number in carrying out the process of visama - 
mhhramanck then the larger (of the two results obtained) becomes 
the measure of either of the equal sides (in the required quadri- 
lateral figure with two equal sides). Half of the sum of the values 
of the top- side and the base (in the given quadrilateral figure with 
two equal sides), on being respectively increased and decreased by 
the smaller (of the two results in the visamasanlramana process 
above-mentioned), gives rise to the values of the base and the 
top-side in the (required) quadrilateral figure with two equal sides. 


173§. The problem contemplated in this rule is to construct a quadrilateral 
with twa equal sides that shall he equal in area to a given quadrilateral with 
two equal sides and shall also have the same perpendicular distance from the top- 
side to the base. Let a and c be the equal sides of the given quadrilateral, and b 
and d be tire top side and the base thereof respectively ; and let the value of the 
perpendicular distance be p. If a 1} £q, <q, d h be taken, to be the corresponding 
sides of the required quadrilateral, then, since the area and the perpendicular 
are the same in the case of both the quadrilaterals, we have, 
di + = d + b( I) = 

and a? — " = p 2 (II) ; 


that is, 1 + 


d. 


A 






N 



A or b , ; (IT) 


Here N is what is called f 8" or the optionally given number in the rule, and 
formulas HI and IV are those that are given in the rule for the solution of the 
problem. 
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■■■'■[An. emmnple m iUt^trMion.-fkeredf. y..;V) 

174J. The base (of the given quadrilateral figure) is 14 ; each of 
the (two equal) sides is 13 ; the top-side is 4; the perpendicular, h 
12; and the optionally given number is 10. What is that other 
quadrilateral figure with two equal sides, the accurate measure (of 
the area) of which is the same as (the accurate measure of) the 
area of (this .given quadrilateral}? 

When an area, with a given practically approximate measure 
is divided into any required number of parts, the rule for 
arriving at the numerical measure of the bases of those various ; 
parts of the quadrilateral figure with two equal sides, as also at 
the numerical measure of the sides as measured from the various 
division-points thereof, the numerical measure of the practically 
approximate value of the area of the quadrilateral figure with two 
equal sides being given : — 

175| . The difference between the squares of the (numerical) 
values of the base and the top-side (of the given quadrilateral 
figure with two equal sides) is divided by the total value of the 
(required) proportionate parts. By the quotient (so obtained),, 


l7o|. If ABGD be a quadrilateral with -two equal aides, ..and if MF 
KL divide tlicf quadrilateral so that tbe. divided portions' A b 
'are in the proportion of »?., *z, p and § in respect \ ■: : ? 

of area, then according io the role, / m 


x (>n + % + 3 >) 


and so on. 


m + n- bp b 


m + n +• p + g i 


Similarly AB 


m + BF 


andsoon, 


It can be easily shown that 
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the ratio values of the (various) parts* are (respectively) multiplied. 
To each- of the products (so obtained), the square of the measure 
of the top-side (of the given figure) is added. The square root 
(of the sum. so obtained) gives rise to the value of the base (of 
each of the parts). The area (of each part divided by half the 
sum. of the values of the base and the top-side (thereof) gives in 
(the requisite) order the value of the perpendicular (which for 
purposes of approximate measurement is treated as the side). 

Examples in illustration thereof. 


176J, The measure of the top-side is given to be 7 ; that of 
the base below is 23, and that of each of the (remaining) sides is 
30. The area (included within such a figure) is divided between 
two so that each obtains one (share). What is the value of the 
base (to be found out here) ? 

177|~478-J. The measure of the base (of a quadrilateral with 
two equal sides) is 162, and that of the top-side (thereof) is seen 
to be 1 8. The value of each of the (two equal) sides is 400. The 
area of this (figure so enclosed) is divided among 4 men. The 
parts obtained by the men are (in the proportion of) 1, 2, 3, 
and 4 respectively. Give out, in accordance with this propor- 
tionate distribution, the values of the area, of the base, and (of 
either) of the (two equal) sides (in each case). 

179^. The measure of the base (of the given quadrilateral 
figure) is 80, that of the top-side is 40 ; the measure (of either) of 


AB (BO + AD) _ BO 2 -AD 2 
** * AE (BF + AD) EF*-AD 2 ' 

p A B (B C 4- A D) ni + n -b p + q ' 

AE (E F+A D) m 1 

m (B C- —A D 2 ) + A D 2 = - 


,BF £ : 


, B C 2 - 
* B 

a*-V 


■A D 2 
-A D 2 : 


m + n 4- p -f q . 


in + n + p ,~ u Q 

and EF = 


m + 


+ P + q 


x m 4- 5 2 


& - b 2 

in + n -b p -b q x -m -f b 2 . 

Similarly the other formulas may also be -verified. 

* Although the text simply states that the quotient has to be multiplied by 
the value of the parts, what is intended is that the quotient has to be multiplied 
by the number representing the value of the parts up to the top-side in each case. 

That is, in the figure on the previous page, to arrive at GH, for instance, 
d 2 — b 2 

m"'' T7 T + ~q aas to fry m + » and not by n merely. 
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the (two equal) sides is 4 x 40. The share parts are (in the 
proportion of) 8, 8, and 5. (Find out the values of the areas, the 
bases, and the sides of the required parts). 

in the ease of two pillars of known height, two strings are 
tied, one to the top of each. Each of these two strings is stretched 
in the form of a hypotenuse, so as to touch the foot of the other 
pillar, or so as to go beyond the other pillar and touch (the 
ground). Prom the point where the two hypotenuse strings 
meet, another string is suspended (perpendicularly), till (it touches) 
the ground. The measure of this (last), string goes by the name 
antaramlambaka or the inner perpendicular. The line starting 
on either side from the point where (this) perpendicular string 
touches (the ground) and going to the points where the (above- 
mentioned) hypotenuse strings touch the ground has the name 
of ahadhti) or the segment of the base. The rule for arriving at 
the values of such inner perpendicular and (such) segments of the 
base ■;))./;■■■■(;!: ' 

180-J-. The measurement of each of the pillars is divided' by 
the measurement of the base covering the length between 'the 
(foot of the pillar) and the (point of contact of the hypotenuse) 
string (with the ground). Each of the quotients (so obtained) is 


180|. If a and h represent the 
height of the pillars in. the diagram,. 
c the distance between the two pilla 
ra, and m and » the respective dist- 
ances of the pillars from the point ; 
where the string stretched' from the ' 
top of the other pillar meets the 
; 'y^rih, : Theni : -Afe0drdihg^tO:;^h?i ; rule, 


c \ 


f a 

_ € 4 n 



, a (c 4 m) + b (c 4* n) ‘ 


a (c + to) 4 b ( c + n) 


v / n X (c 4 m 4* »); c 2 =s f 

(c 4 m) (c 4 «; J 1 c 


+ o ( c + n ) 1 ( c + m + n \ . where c x and c 2 are segments of 
(c 4 n) j x ‘ 


(c + to) 
the base as a whole $ and p 


* Cl x 


, or 6*8 x 


where p is the meas* 


C 4 - 

ure of tho inner perpendicular. Prom a consideration of the similar triangles 

0 + « and == t±Jll 

P 6 


in the diagram it may he seen that £&- 

P 
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(then) divided by their sum. The (resulting) quotients, on being 
multiplied by the measure of the base (as a whole) give rise to the 
(respective basal) segments. These (measures of the segments 
respectively) multiplied in the inverse order by the quotients 
(obtained in the first instance as above), give rise (in each case) to 
the value of the inner perpendicular. 

Examples in illustration thereof . 

(The given) pillars are 16 has tas in height. The base 
(covering the length between the points where the strings touch 
the ground) is pointed out to be 16 hastas . Gfive out, in this 
ease, the numerical value of the segments of the base and also of 
the inner perpendicular. 

182|v The height of one pillar is 86 hastas ; that of the second 
is 20 hastas. The length of the base-line is 12 hastas. What is 
the measure of the (basal) segments and what of the (inner) 
perpendicular ? 

183f-184f. (The two pillars are) 12 and 15 hastas (respect- 
ively) ; the measure of the .interval between the two pillars is 
4 hastas. Prom the top of the pillar of 12 hastas a string is 
stretched so as to cover 4 hastas (along the basal line) beyond the 
foot of the other pillar. Prom the top of (this) other pillar 
(which is 15 hastas in height) a string is (similarly) stretched so 
as to cover 1 hast a (along the basal line) beyond the foot (of the 
pillar of 12 hastas in height). What is the measure of the (basal) 
segments here, and what of the inner perpendicular P 

185^. (In the case of a quadrilateral with two equal sides), 
each of the two sides is 13 hastas in measure. The base here is 14 


From these ratios we getTH:= . 

c 2 b (e + u) 

a (c + m) 


a (e -** m) + b(c 4* w) ’ 


Cl — 


c i + c £ 

Similarly c 2 = tJ ll ; and c 2 

a (c + m) + fr (c + n) 


a (c + m) (c 4- m 4- n) 
a (c -f w) 4* t> (c 4- n) 

a h 


, or Cj x - 


cfw' * c 4 m. 

XS5-J;. Here a quadrilateral with two equal sides is given ; in the next stanza 
a quadrilateral with three equal sides, and in the one next to it a quadrilateral 
with unequal sides are given. In all these cases the diagonals o £ the qctadri- 
later&l have to be first found out in accordance with the rule given in stanza 
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hastas^ and the top-aide is 4 hmtas . What is the measure of the 
(basal) segments (caused by the inner perpendicular) and what 
of the inner perpendicular (itself) P 

188-f. In the ease of the (quadrilateral) figure above-mentioned, 
the measures of the top-side and the base are each to be taken to 
be less by 1 hast a* From the top of each of the two perpendi- 
culars, a string is stretched so as to reach the foot (of the other 
perpendicular). You give out the measures of the inner perpendi- 
cular and of the basal segments (caused thereby). 

187|~. (In the case of a quadrilateral 'with unequal sides), one 
side is 1 8 hmtas in measure ; the opposite side is id hmtas ; the 
top-side is 7 hadas ; and the "base here is 21 hasias "What are 
the values of the inner perpendicular and of the basal segments 
(caused thereby) ? 

188|— 189|. There is . an equilateral quadrilateral figure,' 
measuring 20 hast as at the side. From the four angles of that 


VII-54, and then the measures- of '.the . perpend ietitttrs from ..'the' ends of the. top- 
side to the base as also the measures of the. .segments- of the •••base ..caused by 
those perpendiculars have k> be arrived at by the application of the role given 
in stanza VII. 49. Then taking these mea siues of the. perpebdiouiars to be. 
those of the pillars, the rule given in stanza ISOs above is applied to. arrive at the 
measures of the inner perpendicular and the basal segments caused thereby. 
The problem given in stanza 187§ is however worked in a sligluly different w*ay in 
the Kanarese commentary. The top-side is supposed to he parallel to the base, 
and the measures of the perpendicular and of the basal segments, caused there- 
by are arrived at by constructing a triangle whose, sides are the two sides of the 
quadrilateral, and whose base is equal to - the .difference between the base and the 


top-side of the quadrilateral. 

1881-1891. The figure contemplated 
In this problem seems to be this: — 

The inner perpendiculars referred to 
herein are GJBL and KL. To find out 
these, FE is first determined. FBI, ac- 
cording to the commentary, is; said to be 
equal to 

W~— — __ (dm s + DE ! 

Then with FB and BO or AD taken as 
pillars, the rule under reference may 
he applied. 
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(figure) strings are stretched out so as to reach the middle point of 
the (opposite) sides, (this being done) in respect of all the four sides. 
What may be the measure of each of the strings so stretched out ? 
In the interior of such (a quadrilateral figure with strings so 
stretched out), what maybe the value of the (inner) perpendicular 
and of the basal segments (caused thereby) ? 

The measure of the height of the pillar is known. For some 
reason or other that pillar gets broken and (the upper part of the 
broken pillar) falls (to the ground, the lower end of the broken off 
part, however, remaining in contact with the top of the lower 
part}. Then the basal distance between the foot of the pillar and 
its tup (now on the ground) is ascertained. And (here is) the 
rule for arriving at the numerical value of the measure of the 
remaining part of the pillar measured from its foot : — 

1 904"* The half of the difference between, the square of the 
total height and the square of the (known) measure of the basal 
distance, when divided by the total height, gives rise to the 
measure of what remains unbroken. What is left thereafter (out 
of the total height) is the measure of the broken part. 

Examples in illustration thereof. 

191 J. The height of a pillar is 25 hastas . It is broken some- 
where between (the top and the foot). The distance between 
the (fallen) top (on the floor) and the foot of the pillar is 5 hastas . 
How far away (from the foot) is it (viz., the pillar) broken ? 


190-! . If A B 0 is a right-angled triangle, snd 
if the measures of AC and of the sum of AB and 
BO are given, then AB and BC can be found out 
from the fact that BC 8 = A B 2 + AG 2 . The for- 
mula given, in the rule is 

__(AB + BC) 2 — AC*. 

*’ ‘ ~ 2 (AB + BO) S 

and this can be easily proved to be true from 
the above equality. 
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192|. There are 49 hast as in the measurement of the height 
of a bamboo (as It m growing). It is broken somewhere between 
(the top and the bottom). The distance (between the fallen top 
on the floor and the bottom of the bamboo) is 21 ha stag. How 
far away (from the foot) is it broken ? 

193J-195}. The height of a certain tree is 20 fmim. A 
certain man seated on the top (of it) threw down a, fruit thereof 
along a path forming a hypotenuse* Then, another man standing 
at the foot of the tree went towards that fruit taking a path repre- 
senting the other side (i.e., the base of the triangle in the situation) 
and received that fruit. The sum of the distances travelled by 
that fruit and this man turned out to he 50 kasias. What is the 
numerical value of the hypotenuse representing the path of that 
fruit ? "What may be the measure of the other side, representing 
the path of the man who was at the foot of the tree ? 

The numerical value (of the height) of a taller pillar as also the 
numerical value (of the height) of a shorter pillar is known. The 
numerical value (of the length) of the intervening space between 
the two pillars is also known. The taller (of the two pillars) gets 
broken and falls so that the top thereof rests on the top of the 
shorter pillar, (the other end of the broken bit of the taller pillar 
being in contact with the top of the remaining portion thereof). 
And now the rule for arriving at the numerical value (of the 
length) of the broken part of the taller pillar as also at the numeri- 
cal value (of the height) of the remaining part (of the same taller 
pillar) : — 

196J. From the square of (the numerical measure of) the 
taller (pillar), the sum of the square of the measure of the shorter 


196|. If a represents the height of the taller pillar 
and 1 that of the shorter pillar, c the length of the inter- 
vening space between them, and a x the height of the 
standing portion of the broken pillar, then, according to 
the rule, 

_ a 2 — (& 2 + c 2 ) 

1 2 (a — b) 1 







248 G A NlTASAKAS ANGEAT1 A , 

(pillar) and the square of that of the base is subtracted. Half (of 
the resulting- remainder) is divided by the difference between 
(the measures of) the two pillars. The quotient gives rise to the 
measure of the height (of the standing part) of the broken 
(pillar). 

An example in illustration thereof . 1 
197J. One pillar is 5 hasias in height ,* similarly another pillar, 
which is the taller, is 23 hastas (in height). The (length of the) 
intervening space (between the pillars) is 12 hastas. The top of the 
broken taller (pillar) falls on to the top of the other (pillar). (Find 
out the height of the standing part of the broken taller pillar.) 

Taking two-thirds of the numerical value of the vertical side 
of a longish quadrilateral as the height of a mountain, the 
rule for arriving, with the aid of the numerical value of the height 
of that mountain, at the numerical values of the horizontal side 
and of the diagonal of that longish quadrilateral : — 

198J. Twice the height of the mountain is the measure of the 
distance between the (foot of the) mountain and the city (there). 
Half (the height) of the mountain is the measure (of the distance) 
of the upward flight in the sky. The diagonal is arrived at on 
adding together half the height of the mountain and the distance 
(of the city from the foot of the mountain). 

An example in illustration thereof 
199|~200|. On a mountain having a height of 6 yofanas there 
were 2 ascetics. One of them went walking on foot. The other 

B 

199£~200|. If In the marginal figure, a 
represents the height of the mountain, b 
the distance of the city from the foot of ® 
the mountain, and c the length of the 
hypotenuse course, then a is, according a 
to the supposition made in the preamble 
to the ml© in 198$, § of the side AB. 

Therefore the height of the Sight upwards 
EB., is | a ... ... I A 

: Ab the courses of the two ascetics aio equal, 

c f fa = a * b : o = a -f b ... II 

.% c l — + V z + ab. 

But o 2 = fa 2 4* b z ; ah = 2 or b = 2 a ... ... ... M# , M JIJ 

The three formulas marked I, II and III above are those given in the rule. 
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was capable of moving in the sky. This ascetic flew up and then 
came down to the city taking the hypotenuse course. The other 
ascetic descended from the summit (vertically) to the foot of the 
mountain (and walked along) to the city. (It was found that) 
both of them had travelled over the same distance. ( What is) the 
distance of the city (from the foot of the mountain) and what the 
height, of the flight upwards ? 

In an area representable by a (suspended) swing (and its 
vertical supports resting on the ground), the measures of the 
heights of either two pillars or two hill-tops are' taken to be the 
measures of the horizontal sides of two longish quadrilateral figures. 
Then, (with the aid of these known horizontal sides and) in 
relation to the base line either between the two hills or between, 
the .two pillars, (as the case may be), the values of the two segments 
(caused by the meeting point of the perpendicular) are arrived at. 
These two segments are written down in the inverse order. ' The 
values of the two segments so written down in the inverse order 
are taken to be the values of the two perpendicular sides of the 
two longish quadrilateral figures. And, "now, the rule for arriving 
at the equal numerical value of the diagonals of those (two longish 
quadrilateral figures) : — * 

20l-|— 208-J. In relation to a figure representable by a (sus- 
pended) swung (and its vertical supports resting on the ground), 
the measures of the heights of either two pillars or two hills are 
taken to be the measures of the two sides of a triangle. Then, in 
relation to the value of the base (line) enclosed between those two 


/ 20i.-p-203f. In the two quadrilaterals 

/ of the kind contemplated in this rule, let 
/ the vertical sides be represented by a, b ; 

b let the base be c ; and let c lt c 2i be its seg- 
ments and l the length of each of the 
c 2 equal portions of the rope. 
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sides ( which has to be the same in value as the base line between 
the given pillars or hills), the segments (of the base caused by the 
meeting of the perpendicular from the vertex with the base) are 
arrived at in accordance with the rale laid down already. If the 
values of these (segments) are written down in the inverse order, 
the} ? become the values of the two perpendicular sides of the two 
longish quadrilaterals in the required operation. Then, in accord- 
ance with the rule given already, the values of the diagonals 
of the two longish quadrilateral figures may be arrived at with 
the aid of the values of those two sides (of the triangle above 
mentioned which are taken here as the two horizontal sides of 
the longish quadrilateral) and of those two perpendicular sides. 
These (diagonals) are of equal numerical value. 

Examples in illustration thereof. 

204J-205. One pillar is 13 (hastas in height). The other is 
15 (hastas in height). The intervening distance (between them) 
is 14 (hastas). A rope (having its two ends) tied to the tops (of 
these two pillars) hangs down so as to touch the ground (some 
where between the two pillars). What are the values of the 
two segments, (so caused, of the base-line between the pillars) ? 
The two (hanging) parts of the rope are (in their length) of equal 
numerical value. Give out also the rope-measure. 

206-207-J. The height of (one) hill is 22 (yojanas). That of 
another hill is 18 (yojanas). The intervening space between the 
two hills is 20 (yojanas in length). There stand two religious 
mendicants, (one) on the top of each, who can move along the 
sky. For the purpose of begging (their food), they (came down 


Now, = h z + c* z . 

(c 2 + Ci) (c 2 — ci) = a* — b z | and Ci + c ; 

a z ~b z a z — b* 

* c c— 



These values are obviously those of the segments of the base c of a triangle 
having the sides^a and b , the segments having been caused by the perpendicular 
from the vertex. This is what is stated in this rule. Vide rule given in stanza 
4$ above. 



the number of clays taken to go through the hypotenuse course, 
rates of, journey of the two men, and d the number of days taken in 
yards. This follows from the under mentioned equation which in 
3 data given in the problem ; 

= d & h & 4- (« + d)* x a 2 


through the sty and) met in the city there (between the hills) ; and 
it turned out that they had travelled (along the sky) over equal 
distances. (Under these circumstances), of what numerical value 
were the segments (of the basal line between the two hills) ? Of 
what value, 0 you who know calculation, is the numerical measure 
of the equal distance travelled in this (area) representable by a 
(suspended) swing. 

208|-~209|-. The height o! one hill is 20 yoj%nm ; and simi- 
larly, that of another (hill) is 24 yd jams. The intervening space 
between them is 22 ydjanm (in length). Two mendicants, who 
stayed on the tops of these two hills, (one on each), and were 
able to move through the sky, came, down,' for the purpose of 
begging their food, to the city situated between, those (two hills), 
and were found to have travelled (along the sky) over equal 
distances. What is the measure (of the length) of the intervening 
space between that (city) in the middle and the hills (on either 
side).' , ’ . '■ y:vy \ 

The rule for arriving at the value of the number of days 
required for the meeting together of two persons moving with 
unequal speed along a course representable by (the boundary of) 
a triangle consisting of (three) unequal sides : — 

210J. The sum of the squares (of the numerical values) of 
the daily speeds (of the two men) is divided hy the difference 
between the squares of the values of (those same) daily speeds. 
The quotient (so obtained) is multiplied by the number of days 
spent (by ne of the men) in travelling northwards (before tra- 
velling to the south-east to meet the other man). The meeting 
together of (these) two men takes place at the end of the number 
of days measured by this product. 

210-|. The course contemplated here is that along the sides of a right angled 
triangle. The formula given in the rule, if algebraically represented, is 
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21S|. Let ABC be a triangle inscribed 
in a circle, AD the diameter thereof, and BE 
the perpendicular on AC. Join BD, ISTow 
the triangles ABD and BEC are pimilar. 

.\ AB : ADsbBB : BC 
A B x BO 


This is the formula given in the rule A 
lor the diameter of a circle circumscribed 
about a. quadrilateral or a triangle . 
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An example in illustration thereof . 

211-1-212-1. The man who travels to the east moves at the 
rate of 2 yojancts ( a day) ; and the other man who travels north- 
wards moves at the rate of 8 yojcmas (a day). This (latter man) 
having thus moved on for 5 days turns to move along the hypo- 
tenuse. In how many days will he meet the (other) man ? Both 
(of them) move out at the same time, and the number of days 
spent (by both of them) in journeying out is the same* 

The rule for arriving at the numerical value of the diameters 
of circles described about the eight kinds of figures consisting 
of the five kinds of quadrilateral figures and the three kinds of 
triangular figures (already mentioned) : — 

21&J. In the case of a quadrilateral figure, the value of the 
diagonal (thereof), divided by that of the perpendicular, and (then) 
multiplied by that of the lateral side, gives rise to the value of the 
diameter of the circumscribed circle. In the case of a trilateral 
figure, the product of the values of the two sides (other than the 
base) divided by the value of the perpendicular (gives rise to the 
required diameter of the circumscribed circle). 


Examples in illustration thereof . 

2!4|~. In the case of an equilateral quadrilateral figure having 
8 as the measure of each of (its) sides, and also in the case of 
another (quadrilateral figure) of which the vertical side measures 5 
and the horizontal side measures 12, what is the measure (of the 
diameter) of the circumscribed circle P 
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215|, Tlie two lateral sides are (each) 13 in measure; the top- 
side is 4 ; and the base is said to he 14 in measure, hi this case, 
wliat may be the diameter of the circle described about (such) a 
quadrilateral figure with two equal sides ? 

216$. The top-side and the (two) lateral sides are each 25 in 
measure. The base is 39 in measure. Tell me (here) the measure 
of the diameter of the circle described about such a quadrilateral 
figure with three equal sides. 

2I7|. One of the lateral sides is 89 in measure; the oilier 
lateral side is 52 in measure ; the base is 60 and the top-side is 25. 
In relation to this (quadrilateral figure), wliat is the value of the. 
diameter (of the circumscribed circle) ■? 

218- |. The measure of the side of an equilateral triangle is 6 ; 
and that of an isosceles triangle is 18, the base (in this case') hung 
10 in measure. Give out what the values are of the diameters of 
the circles described about these triangles. 

219- |. In the case of a triangle with unequal sides the two 
sides arc 15 and 18 in measure; the base "is. 14. Toll me. the 
value of the diameter of the circle described about it. 

220$. If you know the pmMdfta.('.prqcessBs...0f calculation), tell 
me after thinking well what may be the value of the diameter of 
the circle described about a (regular)' six-sided figure having 2 as 
the measure of each of (its) sides. 

The rule for arriving at the numerical values of the base, of 
the top-side and the (other) sides of the eight (different) kinds (of 
figures beginning -with the square, which are ■ inscribed , in a 
regular circular figure having a diameter of known numerical 
'"value:— 

221f~. The value of the given diameter (of the circle) is divided 
by the value of the (hypothetically) arrived diameter ' of the 
circle (described about an optionally chosen figure belonging to 

220,t, The Kanarese eo3» naen ^ ar y on this stanza works cut this problem by 
pointing out that the diagonal of a regular hexagon i's equal- to the diameter of 
the circumscribed circle, 

221$, The rule follows as a matter of coarse from the similarity of the 
required and the optionally ch^ Bzl ^gures. ■ 1 M 1 
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the specified variety). The values of the sides (of this optionally 
chosen figure) should be multiplied by the resulting quotient 
(arrived at as mentioned above). Thus, the numerical values of 
the sides of the figure produced (in the given circle) are deduced. 

Examples in illustration thereof, 

222J*. The diameter of a circular figure is 13. 0 friend, 

think out well and tell me the (various measurements relating to 
the) eight different kinds of figures beginning with the square 
which are (inscribed) in this (circle). 

The rule for arriving at the value of the diameter of the 
circular figure inscribed within the various (kinds of quadrilateral 
and trilateral) figures mentioned before, with the exception of the 
longish quadrilateral figure, whoa the accurate measure of the 
area and the numerical value of the perimeter are known in 
relation to (those same) quadrilateral and other figures : — 

223J. The (known) accurate measure of the area of any of the 
figures other than the longish quadrilateral figure should be 
divided by a quarter of the numerical value of the perimeter (of 
that figure). The result is pointed out to be the diameter of the 
circle inscribed within that figure. 

'Examples in illustration thereof. 

224|. Having drawn the inscribed circle in relation to the 
already specified figures beginning with the square, 0 you who 
know the secret of calculation, give out now (the value of the 
diameter of each such inscribed circle). 


223£. If a represents the sum of the sides, and d the diameter of the 
inscribed circle, and A the area of the quadrilateral or the triangle in which the 
circle is inscribed, then 



Hence the formula given in the rule is d = A f ‘ 

4 * 
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Within the (known) numerical measure of the diameter of a 
regular circle, any known number being taken as the measure of 
an arrow, the rule for arriving at the numerical value of the 
string (of the bow) having an arrow of that same measure:*— 

225 J* The difference between (the given value of) the diameter 
and (the known value of) the arrow is multiplied by four Hines 
the value of the arrow. Whatever is the . square - root- (of- the 
resulting product), that the wise man should point out to he the 
(required) measure of the string (of the bow). 

An example- in illustration . ' thereof. 

226 1% The diameter of the circle is 10. It is cut off by 2. 0 

mathematician, give out, after calculating well, what may be the 
string (of the bow) in relation to (that) cut off portion (of the given 
diameter)* -fWi 

The rule for arriving at the numerical value of the .arrow- 
line, when the numerical value of the diameter of a (given) 
regular circle and the value of a bow-string line (in relation to 
that circle) are (both) known 

2271-. That which happens to he the square roof of the 
difference between the squares of the (known) values of the 
diameter and the bow-string line (relating to the given circle) — 
that has to be subtracted from the value of the diameter. Half 
of the (resulting) remainder should be understood to give (the 
required value of) the arrow-line. ’ • 

An example in illustration thereof 

228-J-. The diameter of the (given) circle is 10 in measure* 
Moreover, the bow-string line inside is known to be 8 in measure* 
Give out, 0 friend, what the value of the arrow-line may be in 
relation to that (bow-string). , 


225$* The rules given in stanzas 225| ? 227 fc, 229$ and 23 If are ail baaed cm 
the fact that in a circle the rectangles contained by the segments , of two 
intersecting chords are equal. SliiSlSS:® 
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The rale for arriving at the numerical value of the diameter 
of a (given) circle when the numerical values of the (related) 
bow-string line and the arrow line are known : — 

229!-. The quantity representing the square of the value of 
the ’bow-string line is divided by the value of the arrow line as 
multiplied by four . Then the value of the arrow line is added 
(to the resulting quotient). What is so obtained is pointed out 
to be the measure of the breadth of the regular circle measured 
through the centre. 

An example in illustration thereof . 

230!-. In the ease of a regular circular figure, it is known 
that the arrow line is 2 dandas in measure, and the bow-string 
line 8 dandas. What may be the value of the diameter in respect 
of this (circle) ? 

When two regular circles out each other, there arises a fish- 
shaped figure. In relation to that fish-shaped figure, the line 
going from the mouth to the tail (thereof) should be drawn. 
With the aid of this line, there will come into existence the 
outlines of two hows applied to each other face to face. The 
line drawn from the mouth to the tail (of the fish-figure) happens 
to be itself the bow-string line in relation to both these hows. 
The two arrow lines in relation to both these bows are themselves 
to be understood as forming the two arrow lines connected with 
the mutually overlapping circles. And the rule here is to arrive 
at the values of the arraw lines connected with the overlapping 
portion when two regular circles cut each other : — 

281J. With the aid of the values of the two diameters (of 
the two cutting circles) as diminished by the value of (the 
greatest breadth of) the overlapped portion (of the circles), the 
operation of prahsepaha should be carried out in relation to this 
(known) value of (the greatest breadth oi) the overlapped portion 
(of the circles). The two results (so obtained) are in the matter 

281 i. The problem here contemplated may be seen to have been also 
solved by Aryabhata, and the rule given by him coincides with the one under 
reference here. 
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of (such.) circles pointed out to be/ the values, each of the other, 
measuring' the two arrow lines related to the overlapping (circles). 

An emmple in illustration thereof , 1 

232§. In relation to two circles whose extent is measured by 
(diameters of) 32 and 80 hernias (in value), the (greatest breadth 
of the common) overlapping portion is 8 ha trim. Give out what 
the values of the arrow lines, as related respectively to those two 
(circles), are (here). 

Thus ends the section treating of devilishly difficult problems. 

Thus ends the sixth subject of treatment, known as 
Calculations regarding Areas, in Sarasahgraha, a work 
on arithmetic by Mahaviracarya* 
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CHAPTER VIII. 

CALCULATIONS EEGAEDING EXCAVATIONS. 

1. I "bow in religions devotion with my Lead (bent downwards) 
to Jina Vardhamana 5 whose foot-stool is honoured by the crowns 
worn by all the chief gods, who is omniscient, ever-enduring, 
unthinkable, and infinite in form, and is (further) like the young 
(rising) sun in relation to the lotus-lakes representing the good 
and worthy people that are his devotees. 

2. I shall now give out the (three) varieties of Tcarmaniika , 
amdraphala , and suksmaphctla (in relation to excavations), "which 
varieties are all derived from those various kinds of geometrical 
figures, mentioned before, as results obtained by multiplying them 
by (quantities measuring) depth. This seventh subject of treat- 
ment- is the subject of excavations. 

A stanza regarding the conventional assumption (implied in 
t this chapter) : — 

3. The quantity of earth required to fill an excavation mea- 
suring one cubic hast a is 3,200 palas. From that (same cubic 
volume of excavation) 3,600 palas (of earth) may be taken out. 

The rule for arriving at the cubical contents of excavations : — 

4. Area multiplied by depth gives rise to the approximate 
measure of the cubical contents in a regular excavation. The 
sums of (all the various) top dimensions with the corresponding 
bottom dimensions are halved ; and then (these halved quantities of 
the same denomination are all added, and their sum is) divided by 
the number of the said (halved quantities). Such is the process of 
arriving at the average equivalent value. 

2. The term Autfdra in Auntfraphala is rather strange Sanskrit and is 

perhaps related to the Hindi word meaning ‘ deep.’ 

3. The idea in this stanza evidently is that one cubic hasta of compressed earth 
weighs 3,600 palas, while 3,200 palas of earth are sufficient to fill loosely the 
a pace of 1 cubic hasta. 

4. The latter half of this stanza evidently gives the process by which we 
may arrive at the dimensions of a regular excavation fairly equivalent to any 
given irregular excavation. 
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5. In relation to (an equilateral) quadrilateral mm (represent* 
ing the section of a regular excavation), the sides and the depth 
are 8 haslets (each in measure). In respect ol this regular excava- 
tion, what may bo the value of the cubical contents here? 

6. In relation to an (equilateral) triangular area (representing 
the section of a regular excavation), the sides are 82 had as each, 
and in the depth there are found 86 haskm and 0 ahqulas. What is 
the calculation (of the contents) here ? 

7. In relation to a (regular) circular area representing (the 
section of) a regular excavation, the diameter is .108 hastes, arid the 
depth (of the excavation) is 165 hasten (Mow), give out what the 
cubical contents are. 

8. In relation to a longish quadrilateral area (forming the 
section) of a regular excavation, the breadth is 25 kmtas , the 
side (measuring the length) is 60 hastes and the depth (of the ex- 
cavation) is 108 hastes. Quickly give out (the cubical contents of 
this, regular excavation). , 1 ' 

The rule for arriving at the accurate value of the cubical 
contents in the calculation relating to excavations, after knowing 
the result designated karmantiJca as well as the result designated 
aun$ra and with the aid of these results : — ■ 

9-1 lijr. The values of the base and the other sides of the figure 
representing the top sectional area are added respectively to the 
values of the base and the corresponding sides of the figure 
representing the bottom sectional area. The (several) sums (so 
arrived at) are divided by the number of the sectional areas taken 
into consideration (in the problem). The (resulting) quantities are 

9-11 i. The figures dealt; with in this rule are truncated pyramids with 
rectangular or triangular bases, or truncated cones all of which have to bo 
conceived as turned upside down. The rule deals with three different, kinds 
of measures of the cubical contents of excavations. Of those, two, via., the 
Karmdniilca and Aund-ra measures give only the approximate values of the 
contents. T he accurate measure is calculated with the help of these values. 
If K represents- the Karm<tntika~phala and A represents the Awp4m~phala 

A rf 

then', the accurate -measure' is said to' be 'equal to ~ |:-K\A |A» 
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multiplied with each other (as required by the rules bearing upon 
the finding out of areas when the values of the sides are known)„ 
The area (so arrived at), when multiplied by the depth, gives rise 
to the cubical measure designated the karmantika result. In the 
ease of those same figures representing the top sectional area and 
the bottom sectional area, the value of the area of (each of) these 
figures is (separately) arrived at. The area values (so obtained) 
are added together and then divided by the number of (sectional) 
areas (taken into consideration). The quotient (so obtained) is 
multiplied by the value of the depth. This gives rise to (the 
cubical measure designated) the aundra result. If one-third of 
the difference between these two results is added to the karmantika 
result, it indeed becomes the accurate value (of the required cubical 
contents). 

'Examples in illustration thereof. 

12£. There is a well whose (sectional) area happens to be an 
equilateral quadrilateral. The value (of each of the sides) of the 
top (sectional area) is 20 ( hast as ), and that (of each of the sides) 
of the bottom (sectional area) is only 16 (hastas). The depth is 9 
( hastas ). 0 you who know calculation, tell me quickly what the 

cubical measure here is. 

18|*. There is a well whose* (sectional) area happens to he an 
equilateral triangular figure. The value (of each of the sides) of 
the top (sectional area) is 20 (hastas), and that (of each of the 
sides) of th© bottom (sectional area) is 16 ; the depth is 9 (hastas). 
What is the value of the karmantika cubical measure, of the 


If a and b be the measures of a side of the top and bottom surfaces respectively of 
a truncated pyramid with a square base, it can be easily shown that the accurate 
measure of the cubical contents is equal to h (a 2 + 6 2 + ab\ where h is the 
height of th© truncated pyramid. The formula given in the rule for the accurate 
measure of the cubical contents may be verified to be the same as this with the 
help of the following values for the Karmantika and Aundra results given in the 
rule : — 

y .= ( <» + & y x ft, 


x h . 


Similar verifications may be arrived at in the case of truncated pyramids 
having an equilateral triangle or a rectangle for the base, and also in the case 
; of truncated cones. 
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aundra cubical measure* and of the accurate cubical me j sure 
here? 

14|', There is a well whose (sectional) area happens to be 
regularly circular. The (diameter of the) top (sectional area) is 
20 dandas, and that of the bottom (sectional area) is only ,16 
dandas. The depth is 12 dmidas. What may be' the- ■ karmmtika , 
the aundra , and the accurate cubical measures here ? . 

15t]% In relation to (an excavation whose' sectional area, happens 
to be) a longish, quadrilateral .figure, (he... oblong), the length at the 
top is 60 (. hastas ), the breadth is 12 (hastas) ; at the bottom, these 
are (respectively) half (of what' they measure at. the top). The 
depth is 8 (hastas). What is the cubical measure here ? 

16j. (Here is another well of the same kind), the lengths (of 
whose sectional areas) at the top, at the- middle, and at the bottom 
are (respectively) 90, 80, and 70 (hastas) > and the breadths are 
(respectively) 32, 16, and 10 hastas. This is 7 (hastas) in depth. 
(Find out the required cubical measure.) 

17|~. In relation to (an excavation whose sectional area happens 
to be) a regular circle, the diameter at the mouth is 60 (hastas), in 
the middle 30 (hastas), and at the bottom 15 (hastas). The depth 
is 16 hastas . What is the calculated result giving its cubical 
measure ? 

1 8|. In relation to (an excavation whoso sectional area happens 
to be) a triangle, each of the three sides measures 80 hastas at the 
top, 60 hastas in the middle, and 50 has ias at the bottom. The 
depth is 9 hastas. What is the calculated result giving its cubical 
contents ? 

The rule for arriving at the value of the cubical contents of a 
ditch, as also for arriving at the value of the cubical contents 
of an excavation having in the middle (of it) a tapering pro- 
jection (of solid earth) : — 

19|~20|-. The breadth (of the central mass) increased by the 
top-breadth of the surrounding ditch, and (then) multiplied by 

19-|-20|. These stanzas deal with the measurement of the cubic contents of 
a ditch dug round a central mass of earth of any shape. The central 
mass may be in section a square, a rectangle, an equilateral triangle, or a circle j 


262 


OAjSTITASABASANGRAHA, 


three, gives rise to the value of the (required) perimeter in the 
ease of triangular and circular excavations. In the case of a 
quadrilateral excavation, (this same value of the required peri- 
meter results) by multiplying the quantity four (with the value of 
the breadth as before). 

In the case of excavations having central masses tapering up- 
wards or downwards the operation (for KarmdnUkaphala) is (to 
add the value of) half the breadth of the excavation to (that of 
the breadth of ) the central mass, and (for Aundrajohala), to add 
(the value of) the breadth (of the excavation to the value of the 
breadth of the central mass) ; then (the procedure is) as (given) 
before. 


Examples in illustration thereof . 

21-J-. The already mentioned trilateral, quadrilateral, and 
circular (areas) have ditches thrown round them. The breadth 
measures 80 dan'fas , and the ditches are as much as 4 ( darnlas ) 
in breadth, and 8 ( dandas ) in depth. (Find out the cubical 
contents.) 


and the excavation may be of the same width both at the bottom and the top, 
or may be of diminishing or increasing width. The rule enables ns to find out 
the total length of the ditch in all these cases. 

I. When the width of the ditch is uniform, the length of ditch = {d 4* b) x 
3 in the case of an equilateral triangular or circular ditch, where d is the 
measure of a side or of the diameter of the central mass and h is the width of 
the ditch : but this length = (d + b) x 4 in the case of a square excavation 
with a central mass, square in section. 

II . When the ditch is tapering to a point at thejbottom or the top, the length 


of the ditch for finding out the 


Karm&ntilca-phala ■=■ X 3, or l^d + 


x 4, according as the central mass (1) is in section trilateral or circular, or (2) 
square. 

Length of ditch for finding out AuMra-phala, = (d + b) x 3 and (d + b) 
x 4 respectively. 

These expressions have to be multiplied by half of the width of the ditch and 
by its depth for finding out the respective cubical phalas. The formulas given 
above in relation to triangular and circular excavations give only approximate 
results. With the aid of the total length of the ditch so obtained, the cubical 
contents are found out in the case of ditches with sloping sides by applying 
the rule given in stanzas 9 to lit above. 
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22-J-, Tho length of a lougish quadrilateral m 120 (Jamlas) and 
the breadth is 40. The ditch around is as big as 4 damjas in breadth 
and 8 in depth. (Find out the cubical contents.) 

The rule for arriving at tho value of the cubical contents 
of an excavation, when the depth of the excavation varies (at> 
various points), and also for arriving, when the cubical contents 
of an excavation are known, at the depth of digging necessary in 
the case of another (known) area (so that the cubical contents may 
be the same) : — 

d; 28|-., ..The -sum of the depths-' (measured in different places) is 
divided by the number of places ; this gives rise to the (average) 
depth. This multiplied by the top area (of the excavation) gives 
rise to the (required) cubical contents of the excavation in the ease 
where that area, is trilateral, quadrilateral or circular. The eubica 1 
contents (of a given excavation), when divided by the (known) 
value of another area, gives rise to the depth (to which there should 
be digging, so that the resulting cubical contents may be the 
same). , ^ ' JvyV;; 

Examples in illustration thereof 1 

24|, In an equilateral quadrilateral field, the ground covered by 
which has an extent measured by 4 hmtas (in length and breadth), 
the excavations are (in depth) 1,2, 3, and 4 Juntas (in four different 
cases). What is the measure of the average depth (of the 
excavations) ? 

25J. There is a well with an equilateral quadrilateral section, 
the sides whereof are 18 hasim in measure; its depth is I hmtas. 
With the wafer of this (well), another well measuring 9 hmtas at 
each of the sides (of the section) is filled* What is the depth 
(of this other well) ? 

1 "When the measures of tho sides of the top .(seotional area) and ; 
also of the bottom (sectional area) are known, and when the 

22i* For finding out the total length of tho surrounding ditch when tho 
central ..mass of- earth -'is; rectangular in section,; the jneasumy of 'the .Isider as' ; :V ! 
increased by the width or half the width of the ditch are added together, 
according as the Kai mdntiH or the Aundra result is required. 
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measure of the depth also is known, in relation to a certain given 
excavation, the rale for arriving at the value of the sides (of 
the resulting’ bottom section) at any optionally given depth, 
and also for arriving at the (resulting) depth (of the excavation) 
if the bottom is reduced to a mere point : — 

26 The product resulting from multiplying the (given) depth 
with (the given measure of a side at the) top, when divided by 
the difference between the measures of the top side and the bottom 
side gives rise here to the (required) depth (when the bottom is) 
made to end in a point. The depth measured (from the pointed 
bottom) upwards (to the position required) multiplied by (the 
measure of the side at) the top and (then) divided by the sum of 
the side measure, if any, at the pointed bottom and the (total) 
depth (from the fop to the pointed bottom), gives rise to the side 
measure (of the excavation at the required depth). 

An example in illustration thereof. 

27-|-. There is a well with an equilateral quadrilateral section. 
The (side) measure at the top is 20 and at the bottom 14. The 
depth given in the beginning is 9. (This depth has to be) further 
(carried) down by 3. What will be the side value (of the bottom 
here) ? What is the measure of the depth, (if the bottom is) made 
to end in a point ? 


26f. The problems contemplated in this stanza are (a) to find out the full 
latitude of an inverted pyramid or cone and (5) to find out the dimensions 
of the cross section thereof at a desired level, when the altitude and the 
dimensions of the top and bottom surfaces of a truncated pyramid or cone 
are given. If , in a truncated pyramid with square base, a is the measure of a 
side of the base and 6 that of a side of the top surface and h the height* then 
accoi ding to the rule given here, H taken as the height of the whole pyramid 
flxA 

~ -yy k , and the n ensure of a side of the cross secti n of the pyramid at any 
given height represented by 

H 

These formulas are applicable in the case of a cone as well. In the rule the 
measure of the side of section forming* the pointed j art of the pyramid is required 
to he added to H, the denominator in the second formula, for the reason that in 
some cases the pyramid may not actually end in a point. Where, however , it 
does end in a point, the value of this side has to be zero as a matter of course. 
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The rule for arriving at the value of the cubical contents of a 
spherically bounded space 

28J. The half ' of the cube of half the diameter, multiplied 
by nine, gives the approximate value of the cubical contents of a 
sphere. This (approximate value), multiplied by nine and divided 
by ten on neglecting the remainder, gives rise to the accurate 
value of the cubical measure. 

An example in (limitation thereof . . 

29|. In the case of a sphere measuring U> in diameter, calcu- 
late and tell me what the approximate value of (its) cubical mea- 
sure is, and also the accurate measure (thereof).,. ■ . 

The rule for arriving at the approximate value as well as the 
accurate value of the cubical contents of an excavation in the; 
form of a triangular pyramid, (the height whereof is taken to be 
equal to the length of one of the sides of the equilateral triangle 
forming the base) , 

30-J-. The cube of half the square of the side (of the basal 
equilateral triangle) is multiplied by ten ; and the square root (of 
the resulting product is) divided by nine. This gives rise to the 
approximately calculated value (required). (This approximate) 
value, when multiplied by three and divided by the square, root of 

28|. The volume of a sphere as given here is (1) approximately— f-j * 
~p and (2) accurately— x X y~* The correct formula for the cubi- 

cal contents of a sphere is JL ir r 3 j and this becomes comparable with the 

3 ■ ■ y f 

above value, if n is taken to be y 10. Both the MBS. read 

making it appear that the accurate value is of the approximate 

value j but the text, adopted is which makes the accurate value 

JL of the approximate one* It is easy to see that this gives a more accurate 
. Ml . . ;j K . v e- :. 4-; ; r ; - : ’ ''' 'A ■?’ -r'"-'/"'':''" 

result in regard to the measure of the cubical contents of a sphere than the other 
reading. vV y'fy 

30$. Algebraically represented the approximate value of the cubical 

oontent.8 of a triangular pyramid according to the rule comes m — x 4/6, 

he., i x ■ ■ ' ; and the "accurate- value becomes equal to ■' ^ ■ x 1 ■$/ 2,*\vrherr 
12 9 

S4 
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ien^ gives rise to the accurately calculated cubical contents of the 
pyramidal excavation. 

An example in illustration thereof. 

31£, Calculate and say what the approximate value and the 
accurate value of the cubical measure of a triangular pyramid are* 
the side of the (basal) triangle whereof is 6 in length. 

When the pipes leading into a well are (all) open, the rale 
for arriving at the value of the time taken to fill the well with 
water, when any number of optionally chosen pipes are together 
(allowed to fill the well). 

82-J— 83. (The number one representing) each of the pipes is 
divided by the time corresponding to each of them (separately) ; 
and (the resulting quotients represented as fractions) are reduced 
so as to have a common denominator ; one divided by the sum of 
these (fractions with the common denominator) gives the fraction 
of the day (within which the well would become filled) by all the 
pipes (pouring in their water) together. Those (fractions with the 
common denominator) multiplied by this resulting fraction of the 
day give rise to the measures of the flow of water (separately 
through each of the various pipes) into that well. 

An example in illustration thereof \ 

There are 4 pipes (leading into a well). Among them, 
each fills the well (in order) in y, } of a day. In how 
much of a day will all of them (together fill the well, and each of 
them to what extent) ? 

In the Fourth Subject of Treatment named Rule of Three, an 
example (like this) has (already) been given merely as a hint ; the 

a gives the measure of the altitude of the pyramid as also of a side of the basal 
equilateral triangle. 


It may be easily seen that both these Tallies are somewhat wide of the mark, 
and that the given approximate value is nearer the correct value than the 
so-called accurate value. 
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subject (of that example) is expanded here and is given out in 
detail. 

36- 36. There is at the foot of a hill a well of an equilaterally 
quadrilateral section measuring 9 hastas in each of the (three) 
dimensions. Prom the top of the hill there runs a water chan* 
nelj the section whereof is .(uniformly) an equilateral quadri- 
lateral having 1 ahgula for the measure of a side. (As soon as the 
water flowing through that channel begins to fall into the' well), 
the stream is broken off at the top ; and (vet), with it (that well) 
becomes filled in. with water. Tell me the .height of the hill and 
also the measure of the water in the well. 

37- 88J, There is at the foot of a hill a well of an equilaterally 
quadrilateral section measuring 9 hastas in each of the (three) 
dimensions. From the top of the hill, there runs a water channel, ’ 
(the section whereof is throughout) a circle of 1 cingula in diameter. 
As soon as the water (flowing through the ehonnel) begins to fall 
into the well, the stream is broken off at the top. With the 
water filling the whole of the channel, that well becomes 
filled. 0 friend, calculate and tell me the height of the mountain 
and also the measure of the water. 

' 39-|~40J. There is at the foot of a hill a well of an 
equilaterally quadrilateral section measuring 9 hast as in (each of 
the) three dimensions. From the top of the hill there runs a water 
channel, (the section whereof is throughout) triangular, each side, 
measuring 1 cingula* As soon as the water (flowing through 
that channel) begins to fall into the well, the stream is broken off 
at the top. With the water (filling the whole of the channel) that 
(well) becomes filled. 0 friend, calculate and tell (me) the height 
of the mountain and the measure of the water. 


35 to 42}, The reference hero is to the example given in stanzas 16-16 of 
chapter V — vide also the footnote thereunder. 

The volume of the water is probably intended to he expressed in vihas, ( Vide 
the table relating to this kind of volume measure in stanzas 36 to SB, chapter 
I.) It is stated in the Kanarese commentary that ! cable angula of water is equal 
to 1 lam* Then according to the table given in stanza 41 of chapter I, 4 
harms make one gala ; according to stanza 44 in the same chapter, l-f galas 
make one grastha ; and stanzas 36 to 87 therein give the relation of the prmfho 
to the viha. 
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41|— 42|, There is at the foot of a hill a well of an equilaterally 
quadrilateral section measuring 9 hastas in (each of the) 'three 
dimensions. (From the top of the hill) there runs a water channel, 
(the section whereof is uniformly) 1 angula broad at the bottom, I 
ahgula at (each of) the dug (side slopes), and. 2 angulas in length 
(at the top). As soon as the water (flowing through that channel) 
begins to fall into the well, the stream is broken off at the top. 
With the water (filling the whole of the channel) that well be- 
comes filled. What is the height of the hill and (what) the 
measure of the water f 

Thus ends the section on accurate measurements in the cal- 
culations relating to excavations. 


Calculations Relating to Files (of Bricks). 

Hereafter, in (this) chapter treating of operations relating to 
excavations, we wall expound calculations relating to (brick) 
piles. Here there is this convention (regarding the unit brick). 

43J. The (unit) brick is 1 haste in length, half of that in 
breadth, and 4 angulas in thickness. With such (bricks all) 
operations are to be carried out. 

The rule for arriving at the cubical contents of a given 
excavation in a field and also at the number of bricks corresponding 
to the above cubical contents. 

44|. The area at the mouth (of the excavation) is multiplied 
by the depth ; this (resulting product) is divided by the cubic 
measure of the (unit) brick. The quotient so obtained is to be 
understood as the (cubical) measure of a (brick) pile ; that same 
(quotient) also happens to be the measure of the number of -the 
bricks. - * :■ ... . . 

Examples in illustration thereof. 

45 J. There is a raised platform equilaterally quadrilateral (in, 
section) having a side measure of 8 hastas and a height of 9 

44§. The cubical measure of the brick pile here is evidently in terms of the 
uxit brick. 
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hastas. That (platform) is built up of bricks, 0 you who knew 
calculation, say how many bricks there are fin it). 

46|. A raised platform, equilaterally triangular (in section), 
having 8 hastas (as its side measure), and 9 hastes as height, has 
been constructed with the aforesaid bricks. Calculate and say how 
many bricks there are in this (structure). 

47|> A raised platform, circular in section, having a diameter 
of 8 hastas and a height of 9 hastas is built .up with (the same 
aforesaid) bricks. 0 you who know calculation, say how many 
bricks there are in it. 

48*. In the ease of (a, raised platform having) an oblong 
(section), the length is 60 hastas, the breadth 2-5 haulm, and the 
height is 6 hastas. Give out io this case the measure of that brick 
pile. 

49J. A boundary wall is 7 hastas in thickness, 24 hmtm in 
length and 20 hastas in height. How many are the kicks used in 
building it P v .... . \ by ■ . f>:b \ ; b 

50*. The thickness of a boundary wall is 6 hastas at the top and 
8 hastas at the bottom ; its length is 24 hastas and height 20 hastas. 
How many are the bricks used in building it ? 

51*. (In the case of a raised sloping platform), the heights 
are (respectively) 12, 16 and 20 hastas (at three different points) ; 


&0*-51*. In finding out the cubical contents of the wail, the average breadth 

calculated accor- 
ding 1 to the rule, 
given in the lat- 
ter half of stansa 
4 above, is used ; 
so the. Karmdn* 
Uhi ' value is' 
taken into con- 
sideration here. 

51*. This 
sloping platform 
fa bounded at its 
two ends by two 
vertical planes, 
the top and the 
side v aurfao#a ; ; 
alone J, being 
sloping* .The top 
forms m inclined 
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the measures of the breadth at the bottom are (respectively) 
7, 6 and 5, (the same) at the top being 4, 3 and 2 hastas ; the 
length is 24 hastas. (Find out the number of bricks in the 
pile). 

The rule for arriving, in relation to a given raised platform 
(part of) which has fallen down, at the number of bricks found 
(intact) in the unfallen (part) and also at the number of bricks 
found in the fallen (part) : — 

52.$. The difference between the top (breadth) and the bottom 
(breadth) is multiplied by the height of the fallen (portion) and 
divided by the whole height. (To the resulting quotient) the 
value of the top (breadth) is added. This gives rise to the 
measure of the basal breadth in relation to the upper (fallen 
portion) as well as to the top breadth in relation to the lower 
(intact portion). The remaining operation has been already 
described. 

An example in illustration thereof* 

53 1 . (In relation to a raised platform), the length is 12 hastas 
the breadth at the bottom is 5 hastas , (the breadth) at the top is 
1 hasta, and the height all through is 10 hastas, (A measure of) 
5 hastas (in height) of that (platform) gets broken down and falls. 
How many are those (unit) bricks there (in the broken and the 
unbroken parts of the platform) ? 

When a (high) fort- wall is broken down obliquely, the rule for 
arriving at the number of bricks which remain intact and of the 
bricks that have fallen down : — 


plane, the breadth of which is 2 hastas at the raised end and 4 hastas at the other 
end. Tide diagram in the margin of page 269. 

524. The measure of the top-breadth of the standing par of the platform — 
which is the same as the bottom-breadth of the fallen part of the platform — is 

algebraically — - - -f 5 • where a is the bottom-breadth, b is the top- 

breadth, h the total height and d the height of the fallen part of the raised 
platform. r I his formula can be easily shown to be correct by applying the 
properties, of .similar triangles. 

The operation referred to in the rule as having been already described is what 
is given in stanza 4 above. 
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54|. The bottom (breadth) and the top (breadth) are (each) 
doubled. To these are added (respectively) the top (breadth) and 
the bottom (breadth). The (resulting) quantities are (respectively ) 
increased and decreased by the height (above the ground) of the 
unbroken (part of the wall) ; and (then the quantities so obtained) 
are multiplied by the length and also by the sixth part of the 
(total) height. (Thus) the number of bricks intact and the 
number of bricks fallen off may be obtained in order. 

Examples in illustration thereof , 

55~|. This high fort-wall (of measurements already given, 
struck by a cy clonic wind) has been (obliquely) from the bottom, 
broken down along the diagonal section. In relation thereto, 
how many are the bricks intact and the bricks fallen down ? 

58f. The same high fort-wall has been broken down by the 
cyclone obliquely after leaving over 1 hasta from the bottom. 
How many are the bricks that remain intact and how many the 
bricks that have fallen down ? 

The rule for arriving at the gi owing nuihber of layers (of 
bricks) in relation to the central height of a fort-wall, and 
(also) for arriving at the (rate ot the) diminution of layers 

54f. If a be the breadth at the bottom ,b the breadth at the top, h the total 

B height and l the 
l length of the 
■wall, and d the 
height above 
the ground of 
■ the unbroken 
part of the wall 

tfienii i2« + b 
h 

+ d), and ~ (2& 

4- a—d) repre- 
sent the number 
of bricks intact 
and the number 
of bricks fallen 


The figure in the margin shows the wall mentioned in stanza lp§ j and ABCB 
indicate the piano along which the wall fractured when it broke, 
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(happening to be the diminution in breadth) on both' the sides 
(of the wall in passing from below upwards) : — 

57*-. The height (of the central section) divided by the height 
of the given brick gives rise to the (required) measure of the 
layers (of bricks). This (number) is diminished by one and (then) 
divided by the difference between the top (breadth) and the 
bottom, (breadth). The resulting quotient gives (in itself) the 
value of the (rate of the) diminution (in breadth) measured in 
terms of the layers. 

Examples in illustration thereof . 

58|-. The breadth of a high fort -wall is 7 hastas at the bottom 
Its height is 20 hastas . It is built so as to have 1 kasta (as 
its breadth) at the top. With the aid of bricks of 1 hash, in 
height, (find out) the (measure of the) growth of the (central) 
layers and of the (rate of) diminution (in the breadth). 

59|-60. In a regularly circular well, 4 hastas in diameter, a 
wall of hastas in thickness is built all round by means of (the 
already mentioned typical) bricks. The depth of that (well) is 3 
hastas . If you know, calculate and tell me, 0 friend, how many 
are the bricks used in the building. 

In relation to a structure built of bricks (around a place), the 
rule for arriving at the value of the cubical contents (of that 
structure), when the breadth at the bottom (of the structure) is 
given and also the breadth at the top : — 

61. Twice the (average) thickness of the structure has added to 
it the given length and the breadth (of the place). The sum (so 
obtained) is doubled, and the result is the (total) length (of the 
structure when it is) in (the form of) an oblong. This (resulting 
quantity), multiplied by the (given) height and the (already men- 
tioned average) thickness, gives rise to the (required) cubical 
measure). 


59|-60. The bricks contemplated here is the unit, brick mentioned in stanza 
abive This problem does not illustrate the rale given above in stanza 57 1» 
but it has to be worked according to the rules given in stanzas I9-J-20J and 44§ 
of this chapter. 


CHAPTER TUI — CALCULATIONS REGARDING EXCAVATIONS* 278 


An example in ittmtmiion thereof . 

62. In relation to the (place known) as ^Uyddhar{bnagkam r the 
breadth is 8, and the length is 12. The thickness of the stir- 
rounding wall is 5 at the bottom and 1 at the -top. Its height 
is 10. (What is the cubic measure of this wall?) 

Thus ends (the section on) the measurement of (brick) piles hi 
the operations relating to excavations, 

.Hereafter, we shall expound the operations relating to the 
work done with saws (in sawing wood). The definitions of terms 
in relation thereto are as follow : — 

63. Two hastas less by six ahgulm is what is called a kisku* 
The number measuring the courses of cutting from the beginning 
to the end of a given (tog of wood) has the name of mdrga (or 
way). 

64-66. Then, in relation to collections (of logs) of wood of not 
less than two varieties, consisting of teak logs and other such logs 
hereafter to be mentioned, the number of ahgulm measuring the 
breadth, and those measuring the length, and the number of 
mdrgas are (all three) multiplied together. The resulting product 
is divided by the square of the number of angulm found in a 
hmta* In operations relating to saw-work, this gives rise to a 
valuation (of the work as measured) in (what is "known as) 
pattiMs . In relation to logs (of wood) consisting of teak logs and 
other such logs, the number of hastas measuring the breadth arid 
of those measuring the length are multiplied with each other, 
and (then) multiplied by the number of mdrgas , and (thereafter) 
divided by the paffikds as above determined ; this gives rise to 
the numerical measure of the work done by means of the saw. 


63 to 67|. Kisku = if hasta. Marga is the name given to any desired 
course or line of sawing in a log of wood. The extent of the cut surface in a 
log of wood measures ordinarily the work done in sawing it provided that the 
wood is of a definite hardness assumed to bo of unit value, This extent of the 
cut surface is measured by means of a special unit area which is called a 
gaftiM and is 96 mg u las In length and one kisku or 42 aiigul a sin breadth. It is 
easy to see that, a is thus equal to seven square hastas* 
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07-67-J. la relation to (logs of wood obtained from) trees named 
Mka : arjuna, ' amla-vetasa,, ear ala , asiia, sarja and dunduJca, and also 
(in relation to varieties of wood) named snparm and plaJcsa, the 
mdrga is 1 in each ease, the length is 98 angulas, and the breadth 
is 1 kisku (for arriving at the measure of a pattiM). 

An example in illustration thereof 

68|. In relation to a log of teak wood, the length is 16 ftasia®, 
the breadth is 3|- hmias and the mar gas (or saw-courses) are 8 
in number. How many are (the units of saw-work) done here ? 

Thus ends the section on saw-work in the (chapter on) 
operations relating to excavations. 

Thus ends the seventh subject of treatment known 
as Operations relating to Excavations in Sarasahgraha, 
which is a work on arithmetic by Mahavlraearya. 
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CHAPTER IX. 


CALCULATIONS EELATING TO SHADOWS. 

1. That Jina, Santi, who bestows peace upon peoplj is the 
lord of the world, knows all beings, and is (ever) growing in 
influence through his eight miraculous powers— to him, who has 
■vanquished the hosts of his enemies, I bow in salutation. 

In the beginning, we shall give out the means of determining 
the eight directions commencing with the east. 

2. On an even ground-surface which is (a horizontal plane) like 
the upper" surface of water, a (perfectly) round circle should he 
drawn with the aid of a looped string having twice the length 
of an optionally chosen style (fixed in the centre). 

3. The shadow of that optionally chosen style fixed in the 
centre of that circle touches the (circumferential) line of that circle 
at the beginning of the day as also at the time forming the close 
of the day. By this, the western direction and the eastern direo* > 
tiom are pointed out in order, 

4. By means of the string running in the line of these two 
(ascertained) directions, a fish- shaped figure (or June) should be 


4. The siring with tbo aid of 
which, the fish-shaped figure is drawn 
should be longer than the radius of 
the circle drawn, according to stanza 
2 above. If OB and OW in the 
annexed diagram represent the 
eastern and the western directions, W 
NPSR will b© the June drawn by 
describing two circles with centres 
respectively at E and W and with 
EM and WP as equal radii. The . 
line NS cutting the angles of the Inn© 
marks the northern and the southern 
directions. 
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drawn which will extend from north to south. The straight line 
running through the middle of the angles of this (fish-shaped 
figure) represents of itself the northern and the southern direc- 
tions. The intermediate directions have to he ascertained as being 
derivable from half the (interspace between these) directions. 

4|. The (measure of the) equinoctial shadow is indeed half of 
the sum of the measures of the shadows obtained at the middle of 
the day-time (or noon) on days when the sun enters the sign of 
Aries as also the sign of Libra. 

5| : . In Lanka, Yavakoti, Siddhapuri, and Romakapurx, there 
is no (such) equinoctial shadow at all; and, therefore, the day-time 
is of 30 ghaBs. 

8J. In other regions, the day-time happens to be longer or 
shorter by 30 g hafts. On the days of the entrance (of the sun) into 
Aries and into Libra, the day-time is everywhere of 30 ghatls (in 
duration). 

Having understood the measure of the duration of the day- 
time and also of the shadow at (noon or) the middle of the day 
according to the way described in astronomy, one should learn 
herein the calculations regarding shadows by means of the collec- 
tion of rules hereafter to be given. 

The rule for arriving at the time of day, on knowing the 
measure of the shadow of a given style at a given time (in the 
forenoon or afternoon) in relation to a place where there is no 
equinoctia} shadow : — 

One is added to the measure of the shadow (expressed in 
terms of the height of an object), and (the sum so resulting) 

Sf. If a bo the height of the object and s the length of its shadow, 
then th© time of the day that has elapsed or has to elapse is, according to the 

rule given here, equal to i 1 . , where A is the angle repre- 

2(4 + i) *(cot.A + l) 

seating the altitude of the sun at the time. It may be seen that this formula 
gives only the approximate value of the time of the day in all cases except 
when the altitude is 45% and that the approximation is very rough only in the 
case of large altitudes, nearing 90°. The formula seems to be based on the fact 
that for small values the angles in a right-angled triangle are approximately 
proportional to the opposite sides. 


CHAPTER ix — -CALC OX* AT10X S RELATING TO SHADOWS* 277 

is doubled ; with the (resulting) quantity the measure of the 
.(whole) day-time is divided* It should be made out that this 
gives rise, according to the mathematical work (known as) Sara- 
sangraha, to the portion of the day elapsed in the forenoon and 
also to the portion of the day remaining in the afternoon. 

An example in illustration thereof. 

9|. The (length of the) shadow of a man is S times (his 
height). Say, dear friend, what portion of the day has gone in the 
forenoon, or what portion of the day remains in the afternoon. 

The rule for arriving at the (corresponding number of) ghath^ 
when the portion of the day (elapsed or to elapse) has "been arrived 
at (already). 

101. The (known) measure of (the duration of) the day multi- 
plied by the numerator and divided by the denominator of the 
fraction representing the (already arrived at) portion of the day 
(elapsed or to elapse) gives rise to the gkafh elapsed in relation 
to the forenoon, and to the ghatis to elapse in relation to the 
afternoon, * ^ ^ f 

An example in illustration thereof . 

11-f. In a region without the equinoctical shadow, | part of 
the day has elapsed; (or in relation to the afternoon), the 
remaining portion (of the day which has to elapse) is also f , What 
are the ghafis (corresponding to this | portion) ? There are, (it 
may be taken), SO ghafis in a day. 

The rule for arriving at, the time taken up by a prize-fight 
between, gymnasts. ■ ' ■■■ . . " y ;. ; V " y : 

; 12|. The day diminished, by the sum of the portion of the day 
elapsed and of the portion (thereof) remaining to elapse, when 
brought into the form of time (measured by ghafis), gives rise to 
the (required duration of) time. .y; a.-0- 

'• 1 The, measure of the* shadow of a pillar divided by the measure 
■of (the height of) the pillar gives -rise to the measure of the 
shadow of a man (in terms of his own height). 
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An example in illustration thereof . 

I31. A prize-fight between gymnasts began in the forenoon* 
when the shadow was equal in measure to the style. (Its) 
conclusion took place in the afternoon, when (the measure”' of the 
shadow was) twice (that of the style). What is the duration of 
the fight ? 

An example in illustration {of the rule) in the latter half 
{of the stanza). 

14 ^. The shadow of a pillar, 12 hastas (in height), is 24 hastas 
in measure. At that time, 0 arithmetician, of what measure will 
the human shadow be P 

The rule for arriving, at the period (of the day elapsed or to 
elapse), in places having the equinoctial shadow, when the measure 
of the shadow at any time is known 

15|. To the measure of the known shadow (of the style) 
the measure of the style is added ; (this sum is) diminished 
by the measure of the equinoctial shadow, and (the resulting 
difference is) doubled. The measure of the style divided by the 
quantity (so arrived at) gives rise to the value of the portion of the 
day (elapsed) in. the forenoon, or (to elapse) in the afternoon, (as 
the case may he). 

An example in illustration thereof . . 

16^-17. In the case of a style of 12 ahgitlas, the (equinoctial) 
noon-shadow is 2 ahgulas , and the known shadow (at the time of 
observation) is 8 ahgulas . What portion of the day is gone, or 
what portion (yet) remains? If the portion of the day (elapsed 
or to elapse) happens to be what are the ghatis (corresponding 
to it), the duration of the day being 30 ghatis ? 


Algebraically the formula given here for the measure of the time of th® 
a 

day is ~ where e is the length of the equinoctial shadow of the 

style. The formula is obviously based on the formula given in the note to the 
rule in stanza 81 above. 
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■ The rule for arriving at the measure of the shadow correspond* 
mg to a time (of day) given in ghatis. 

18. The measure of the style is divided by twice the measure 
of the (given) portion of the day ; {from the resulting quotient) 
the measure of the style is subtracted, and (to it) the (equinoctial) 
noon-shadow is added. This gives rise to the measure of the 
shadow at the required time of day. 

A n example in illustration- thereof \ 

19, If, in the ease of a style of 12 angular } the (equinoctial) 
shadow is 2 angolas, what is the measure' of the shodow (of the 
style) at a time when i 0 ghatis have elapsed or have to elapse, 
the duration of the day-time being 30 ghatis ? 

The definition of the measure of a man’s foot in relation to 
measurements carried out by means of the foot-measure as involved 
in the shadow. 

20, One seventh of the height of a person happens to be the 
length of that person’s foot. If this be so, that person shall be 
fortunate. (Thus) the measure of the shadow in terms of the foot- 
measure is obvious. 

The rale for arriving* at the numerical measure of the shadow 
which has ascended up (a perpendicular wall). 

21. (The height of) the style is multiplied by the measure of the 
human shadow (in terms of the man’s height). The (resulting) 


18. Algebraically 

$ = — — a -$* e , where g is the measure of the time of 

2y 

the day in ghatis. This formula may be seen to follow frem that given in the 
note to stanza 15| above. 

21. Algebraically, fc=s t ~~ ** where a in the altiindo of the shadow- 

casting style, h the height 
of the shadow on the wall, b 
the measure of the human 
shadow in terms of the man’s 
height, and e the distance be- 
tween the pillar and the wall. 
The diagram here given eluci- 
dates the rule. It has to be 
noted here that the distance 
between the pillar and the wall 
has to be measured along the 

line of the shadow which is east in sunlight, 
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product is diminished by the measure of the interval between the 
wall and the style. The difference (so obtained) is divided by the 
very measure of the human shadow (referred to above). The 
quotient so obtained happens to be the measure of (that portion 
of) the style’s shadow which ia on the wall. 

An example in illustration thereof* 

22. A pillar is 20 hastas (in height) ; the interval, between 
(this) pillar and the wall (on which its shadow falls) is 8 hastas* 
The human shadow (at the time) is twice (the man’s height). 
What is the measure of (that portion of) the pillar-shadow which 
is on the wall ? 

The rule for arriving at the numerical value of the measure* 
ment of the interspace between a wall and a pillar, when the 
height of the pillar and the numerical value of (that portion of) 
the shadow thereof which has fallen upon the wall are (both) 
known, 

23. The difference between the height of a pillar and that 
(of its shadow) east on (a wall), multiplied by the measure of the 
human shadow (in terms of the man’s height), gives rise to the 
measure of the interspace between that (pillar) and that (•wall). 
This value of the interspace divided by the difference between the 
height of the pillar and that of (the portion of) the shadow thereof 
cast on (the wall), gives rise to the measure of the human 
shadow (in terms of the man’s height). 

An example in illustration thereof. 

24. A. pillar is 20 hastas (in height) ; and the (portion of its) 
shadow on a wall is Id {hastas in height). The human shadow (at 
the time) is twice (the human height). What may be the measure 
of the interspace between the pillar and the wall ? 


23. This rale and the one m stanza 23 following give the converse oases of 
t&e rule in stanza 21 alioye. 



•28. Vide note under stanza 23 above. 

’ 28 and SO. Tim rales here gh m are based on the ml# stated in the latter ball 
of the ttanza 12f above. 
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An example in illustration of the (rule in i/to) /alter half 
(of the stanza) , 

.25. A pillar is 20 hastas (in height) and the (portion of its) sha- 
dow on a wall is 1(5 (hastas in height). The measure of the inter- 
space between the wall and the pillar is 8 (hastas). What is the 
measure of the human shadow (in terms of the man’s height) ? 

The rule for arriving at the numerical value of the height' of 
a pillar, when the numerical measure of the (portion of its) shadow 
oast on (a wall and the measure of the. interspace between (that) 
pillar and (that) wall, and also the human shadow (in terms of 
the human height) are known. 

28. The measure of the (pillar-shadow) cast on (the wall) is 
multiplied by the measure of the human shadow (in terms of the 
human height) ; and to this product the measure of the interspace 
between the pillar and the wall is added The quotient obtained 
by dividing (the sum so resulting) by the measure of the human 
shadow (in terms of the human height) is made out by the wise 
to be the measure (of the height) relating to the pillar. 

An example in illustration thereof . 

27. The measure of (the height of the portion of) the pillar- 
shadow east on the wall is 16 (hastas). The value of the human 
shadow (at the time) is only twice (the human height). The 
measure of the interspace between the wall and the pillar being 8 
(hastas), what is the height of the pillar ? 

The rule for separating the measure (of the height) of the 
style and the measure of (the length of) the shadow of the style 
from (their given) combined sum 

28. The combined sum of the measure of the style and the 
measure of the shadow (thereof), when divided by the measure of 
the human shadow (in terms of the human height) as increased 
by one, gives rise to the measure of the height of the style. The 
measure of the shadow of the style is of course the (given) 
combined sum diminished by this (measure of the style). 
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32-33. Let AB represent the position of a slanting pillar, and AG its shadow 
and let AD be the same pillar in the vertical D, 

A Tfl \ ** 

position and AE its shadow. Then — - G "a; 

AD \ /\ 

is equal to the ratio of the shadow of a 

man to his height at the time j and let this /\ \. 

ratio be r. BO, the perpendicular from / \ \. 

B on AD, represents the amount of / 

slanting of the pillar, AB. It can be easily / \. 


shown that ^ A15 . ... 

AO - 

From *his it can 
Tin. — a/ Af5 s < 


same formula, 


An example in illustration thereof \ 

29. The combined sum of the (height) measure of the style 

and the (length) measure of its shadow is 50. What may be the 
height of the style, the human shadow being (at the time) 4 times 
(the human height) P • 

The rule for separating the (length) measure of the shadow 
of the style and the measure of the human shadow (in terms of 
the human height) from (their) combined sum : — 

30. The combined sum of the measures of the shadows of a 
style and of a man is divided by the (known height) measure of 
the style as increased by one. The quotient (so obtained) is the 
measure of the human shadow (in terms of the human height). 
The combined sum (above-mentioned) as diminished by this 
(measure of the human shadow) gives rise to (the length-measure 
of) the shadow of the style. 

An example in illustration thereof . 

31. The height of a style is 10. The sum of the human 
shadow (in terms of the human height) and (the length of) the 
shadow of the style is 55. How much is the measure of the 
human shadow (in terms of the human height and how much is 
the length of the shadow of the style) ? 

The rule for arriving at the measure of the inclination of a 
pillar (or vertical style) : — 

32-33. The product of the square of the human shadow and 
the square (of the height) of the style is to be subtracted from the 




square or the (given) shadow. This (remainder) is to he multi- 
pliecl by the sum of the square of the human shadow and one, 
(The quantity so arrived at) is to he subtracted from the square 
of the (given) shadow. The square root of this (resulting remain- 
der) is to be subtracted from the (given) measure of the shadow; 
and ? when (the quantity thus obtained is) divided by (the sum of) 
me and the square of the human shadow, there results exactly 
tire measure of the inclination of the pillar. 

An example in illustration. -thereoj* 

M. The human shadow (at the time) is twice (the human 
height). '1 he shadow of a pillar, 18 hast as in height, is 29 (kastm). 
What is the measure of the slanting of the pillar here ? 


35-371*. This example hears on the rules given m stanzas 8§ and 23 above* 
S81-301-. This example 1ms to he worked out according to the rule given m 
stansa 21 above. 
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The rule for arriving at the shadow of a style due to fthe 
light of) a lamp : — 

40§. The height of the lamp as diminished by the height 
of. the style is divided by the height of the style. If, by 
means of the quotient so obtained, the (horizontal) distance between 
the lamp and the style is divided, the measure of the shadow of 
the style is arrived at. 

An example in illustration thereof 

414-4 2. The (horizontal) distance between a style and a lamp 
is in fact 96 angulas . The height of the flame of the lamp (above 
the floor) is 80 (angulas). 0 you who have gone to the other 
shore of the ocean of calculation, tell me quickly the measure of 
the shadow' due to the flame of the lamp, in relation to a style 
which is 12 angulas (in height). 

The rule for arriving at the (horizontal) distance between the 
lamp and the style : — 

43. The height of the lamp (above the floor) is diminished by 
the height of the style. The (resulting) quantity is divided by the 
height of the style. The measure of the shadow of the style, on 
being multiplied by the quotient so obtained, gives rise to the 
(horizontal) measure of the intervening distance between the style 
and the lamp. 

An example in illustration thereof. 

44. The shadow of the style is 8 angulas (in length). The 
height of the flame of the lamp (above the floor) is 60 {angulas). 

40 1. Algebraically stated the rule 
is — 

s = c- 7 - ; where s is the length 

a 

of the shadow of the style whose 
height is represented by a, b is the 
height of the lamp above the ground, 
and c the horizontal distance between 
the lamp and the style. The formula 
may be seen to be correct by means 
of the diagram here given. 

48. Using the same symbols, c = s x 

44. The given measure of the height of the style is 12 angulas. vide stanzas 
46-47 below. 



b~ a 
a 
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0 you who have gone to the other shore of the oeea.ii of calculation, 

say what (the measure of) the intervening horizontal distance is 
between the style and the lamp* ■ ■ y . 

The rule for arriving at the numerical measure of the height 

01 the lamp (above the floor) ■ ' 

45. The measure of the (horizontal) distance between I he lamp 
and the style is divided by the shadow "of the style. (Then) one 
is added (to tho resulting quotient). The quantity so obtained, on 
being multiplied by the measure of the height of the style, gives 
rise to the measure of the height of the lamp (above the floor). 

An example in illustration thereof \ 

47* The (length of the) shadow of the style is exactly 
twice (its height). The measure of the intervening (horizontal) 
distance between the style and the lamp is 200 angular What 
is the measure of the height of the lamp (above the floor) in 
this ease ? Here and also in the foregoing example, the measure 
of the height of the style has to be understood as consisting of 12 
ahgulas, and then the way in which the moaning of the ride works 
out is to be learnt well. 

The rule for arriving at the numerical measure of the height of 
a tree, when the measure (of the length) of the shadow of a man in 
terms of (his) foot and the measure of the length of the shadow of 
the tree in terms of the measure of that same foot are known; as 
also for arriving at the numerical measure (of the length) of the 
shadow of the tree in terms of that same foot-measure, when the 
numerical measure of the height of the tree and the numerical 
measure (of the length) of the shadow of a man in terms of (his) 
foot are known;— , ■ : , : ’y - ^ by yvyyy x ■ yyyyyb b y ' ■; ' y y ; y ■' 

48. The measure (of the length) of the shadow of the tree 
chosen by a person is divided by (the foot-measure of the length 

: ; y. 4 f»y similarly , h = f — 4* i^) e. jyy : .yy .y y^yy y: y- yyb^^y^yy^/y j ^yyyyy-y 

■ y.48v : This .'deals -with a ' converse case of 'the rule given m oh 

stanza 12f above. The relation between the height of & man and Ms foot-measwe 
is utilized in the statement of the rule as given here. 
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of) his own shadow, and then it is multiplied by seven : this gives 
rise to the height of the tree. This (height of the tree) divided 
by seven and multiplied by the foot-measnre of Lis shadow surely 
gives rise to the measure (of the length) of the shadow of the tree 
exactly. 

An example in illustration thereof . 

49. The foot-measure (of the length) of one’s own shadow is 4, 
The (length of the) shadow of a tree is 100 in terms of the (same) 
foot-measure. Say what the height of that tree is in terms of the 
measure of one’s own foot. 

An example for arriving at the numerical measure of the shadow 

of a tree. 

50. The measure (of the length) of one’s own shadow (at the 
time) is 4 times the measure of (one’s own) foot. The height of 
a tree is 175 (in terms of such a foot-measure). What is the 
measure of the shadow of the tree then ? 

51-52^. After going over (a distance of) 8 yd/anas (to the 
east) of a city, there is a hill of 10 yojanas in height. In the city 
also there is a hill of 10 yojanas in height. After going over (a 
distance of) 80 yojanas (from the) eastern hill to the west, there is 
another hill. Lights on the top of this (last mentioned hill) 
are seen at nights by the inhabitants of the city. The shadow of 
the hill lying at the centre of the city touches the base of the 
eastern hill. Give out quickly, O mathematician, what the height 
of this (western) hill is. 

Thus ends the eighth subject of treatment, known 
as Calculations relating to shadows, in Sarasahgraha, 
which is a work on arithmetic by Mahavlracarya. 

BO mm THIS SARASAmRAHA. 

51-52&. This example is intended to illustrate the rule given in stanza 45 
above. 
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SANSKRIT WORDS DENOTING NUMBERS WITH THEIR 
ORDINARY AND NUMERICAL SIGNIFICATIONS. 


- 

The eye ... 

2 

Men have two . eyes. 

*•* 

Fire ..... ... 

.3 

The number of sacrificial fires is three, 
viz., JTrtW, 3n?^TRT, and ^Df. 

wf ... 

Number 

9 

I here are only nine rmraerieal figures/ 
excluding the zero. 

3Tf •• 

An auxiliary divi 
sion or depart- 
ment. of science. 

6 

There are six auxiliary departments of 
study in relation to the Yedae, viz., 

ftrac suitor, few;, 

- 

A mountain 

7 

Seven principal mountains called Kula* 
calas are recognized in the geograjdiy 
of thePuranas, viz.,3?f?S[ 5 IR^ST. 

srupra;, tutfr, tntwnu 

ant 

A mountain 

7 

Vide ares*. 

SpFcT **• 

The sky 

0 

The sky is considered to be void. 

3FFc5 - 

Fire 

3 

Vide sirftr. 


An army 

8 

There are eight kinds of army mentioned 
in Sanskrit, viz., Yflxf? JJOT 

jut, wrf|jfr, <prr, ^ 

- 

The sky 

0 

VM» 3T^r. 

arr^r •• 

The ocean 

4 

It is held that there are four oceans, 
viz., eastern, southern, western and 
northern. 

3?W 

The eye ... 

2 

Vide 3^. 

3F*Tt - 

The sky ... 

0 

Vide 3pp?f. 

m. 

The ocean 

. 4 

ra« arflvf. 

3URtfN- 

The ocean 

4* 

nde 3Tf=:VT. 


288 


GAN1 TASA KASASTGHBA H A. 


. A horse . 

7 

The horses of the sun’s chariot are sup- 
posed to be seven. 

- 

.. Consisting of horse. 7 

Vide 

stp&rf .. 

. The sky . 

0 

Vide BpFtT . 


.. The sun . 

12 

The number of suns is reckoned to be 1 2 


corresponding to the 12 months of a 


■year, vis., SfRJ, PI3' . 

grew, ?y> m, ^ 

V*\ and They are called 


* -o 

The moon 

1 


, The god Indra ... 

14 

.. 

, An organ of 

sense. 

'5' 


. An elephant ... 

S 

n 

An arrow 

^ 5. 


.. The eye 

2 

■mfi . 

The ocean 

4 


. God Visnu 

9 

5Jscl 

A season 

0 

N» 



Wf 

.. The hand 

t 


That which has to 

be done : an act 

5 


the twelve Adityas. 

We have only one moon. 

Fourteen Indras are usually reckoned at 
the rate of one Indra for each of the 
fourteen manvantaras . 

There are five organs of sense, via., nose. 

tongue, eye, skin and ear. 
lilight elephants are said to guard the eight 
cardinal points of the world. They are 

wrr, w, *§g?, 

^rrt^TJT, and HSItfFfu 
The arrows of Manmatha or the Indian 
Cupid are declared to be five, viz. 

arcfiFf , ^fr, ^r^r, 

aud :TTc5falc5. 

Vide ^ 1 ^ • 
vide » 

There are said to be nine Visnu s corre- 
sponding to the nine past incarnaticns 
of Visnu. 

There are, acoording Sanskrit liter- 
ature, six seasons in a year, viz. 

5RRT, 5fNT, 

and' ram. 

Human beings have two hands. 

There are 5 vrntQ $ or austerities to be 
observed according to the .Taina reli* 
gion, vi/.., Vfim, ^RCO 

mml and 3TqR5Tf . 


of devotion or 
austerity. 


effar ... 
spk ... 


... 

... 


fUTt^T 

ma ... 
%?mw. ... 

w 

m ~* t ... 

*T3T 

5flfcf 

ftrft ... 
*r°r 

sW 

m 


- 

... 

3R5WW 
Rc5T% ... 
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An elephant 

8 

Vide 

Action ; the effect 

8 

According to Jaimis there are eight 

/ of action as : iir 


kinds of karma, via. 9 

karma. 


HTf^ffa, aT'flTm, 



%-^frif, =7rr^r, and 

The moon 

1 


Attachment to 

4 

According to the Jama- religion there are 

worthy objects. 


four ■ causes for • such ' attachment, viz., 



Hrte, hr, nrar, ?'m. 

The faces of Ru~ 

6 

This War-god is supposed to have six 

mar a or the 


faces. Of, 

* <t 

.Hind a war-god. 



A name of Visiiu. 

9 

Vide 3%^. 

The moon 

1 

Vide ispST. 

Sky 

0 

Tide 3RFfT. 

Sky ... ••• 

u 

0 

Vide afH-cf. 

Elephant 

8 

Vide 

Passage : passage 

4 

According to the Jama religion souls may 

into re-birth. 


have four kinds of embodiment, viz., 



as ^qf, fcpN»> 

Mountain 

7 

nde 

Quality 

3 

Primordial matter is said to have three 



* qualities*, viz., $*cf, T3WT,* CTO!; 

A planet 

9 

Mine planets are recognised in Hindu 



astronomy, viz.. Mars, Mercury, Jupi- 



ter, Venus, Saturn, Hahn, KAtu the 



Sun and the Moon. 

The ©ye 

2 

Vide . 

The moon 

1 

Vide 

The moon 

1 

Vide ‘4*%* 

Sky 

0 

Vide 3W3T. 

Ocean 

4 

Fide ■3Tf©5F « 

Ocean ... ... ' 

4 

Vide 
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fsrc 

Name of a Jaina 

saint. 

2 4 

According to the Jainas there are 24 

tirthankaras or saints. 

ScRFf ... 

Fire 

3 

Vide 3?F*T. 

cM 

Elementary prin- 
ciples. 

7 

The Jainas recognise seven such princi- 

pies, viz., 3fr=r. srsffa, srrm, 

cT^T 

O 

Body ... ».« 

S 

Siva is considered to have his body made 

up of eight things, viz., 

<T% 

Evidence ... 

6 

The sis kinds of evidence are 

3?3*rr*r, 3VJTFT, ^ , SiRlfqfrT, and 

sO 

ar#?Pr. 

Visnn ... ... 

9 

Vide 

arsfe ... 

Tirthahkara or 

Jina. 

24 

Vide FSPT. 

... 

An elephant 

8 

Vide 

gw ... 

Worldly action ... 

8 

Vide 

? )fr ... 

Name of a mani- 
festation of P&r- 
vatl or Durga. 

9 

Nine separate manifestations of Durga are 
recognized, 

... 

Quarter or a 

cardinal point of 
the universe. 

8 

There are eight cardinal points of the 

universe. 

... 

Do. 

10 

Ten directions are recognized, namely the 
eight cardinal points of the universe, the 
upward and the downward directions. 

M - 

Sky 

0 

Vide BpT^cT. 


The eye 

2 

Vide 3T%. 

|fs ... 

The ey© 

2 

Vide $0%. 


Elementary sab- 

stance. 

6 

Acccording to the Jainas there are six 
varieties of elementary substance, viz., 


5f ft, 3N$, ^55/ 

WTOT. 
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An olephant ... 8 Vid e flf. 

An elephant ... 8 Vide fSf. 

A Purania insular 7 There are seven such divisions, via.. f 

division of the m^RvCr, 3p. shN",. 5T T3F>, 

terrestrial 


terrestrial 
world. .. 

Constituent prin- 7 ■ These are said to be seven, vis;,, chyle 

eiples of the blood, flesh, fat, bone, marrow, semen, 

body, 

Fame of a kind 18 Each line of a stanza in this metre 

of metre, contains 18 syllables. 

Mountain ... 7 Vide 


Wffl ... 
Wi 1 ... 

frrw ... 


of metre. 

Mountain 

Fame of a dynasty 
of kings. 

Sky ... ... 

Method of com- 
prehending 
things from 
particular 
stand-points. 

The eye] ... 

An elephant ... 

Treasure . ... 


9 Fine Nanda kings are “aid to have 
reigned in Magadha. 

0 Vide BpfnT. 

2 According to , Tains s there are two Fayas : : 

. di- rirri " * u i ti!r. l. ' " 

sRTr^^nr »nd wfiroif 


2 Vide 3lf$. 

8 Vide 5pT. 

9 -Nine famous treasures are said, to belong 

to Kubera, the god., of wealth, viz,, 

_ © 

OTp*T> OTc5> 



The eye 

... 2 

Vide 31%. 


tp?r*f ... 

Category of 
things. 

9 

The Jainos recognize nine categories of 
things. 

POT ... 

'The serpent 

«•* 7 

Sometimes eight and 
principal serpents 
Hindu mythology. 

sometimes seven 

are reckoned in 

pftftr ... 

•Ocean ; ■ *»»; 


Vide m%W* 


WFfTM... 

Oceans 

2| 4 

:p£$& 3ffS v T * 


w ... 

Fire 

... 3 

Tide 3Tf5OT. 
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... City 3 


- 

. Elephant 

... 8 

srrMt<J ... 

. The moon 

... 1 

5F«T 

, Bondage 

... 4 


m 

, Arrow ... ... 

5 

Sf 

. A constellation 

27 

m 

. Fear 

7 


. Elements 

5 


.. The sun 

12 

w* .. 

. The world 

3 

VRT 

<5s 

.. Element 

5 

m 

©•v 

.. Mountain 

7 

iTf 

Passion 

8 


.. Mountain 

7 


.. A goddess 

7 

gfr . 

.. Sag© 

j*- 

i 


T"S 

The moon ... 1 


... A name of Siva or 11 

4 

Budra. 

jrffr 

... Sage ... ... 7 


... The moon ... 1 


Three cities representing three Asura* 
are said in the Pnraaas to have caused 
great havoc to the gods, and Si?a is 
said to have destroyed them. Of. 

Vide 

Vide %rg. 

The J ainas recognize four kinds of spiritual 
bondage, viz., y 

and nfcr. 

Vide fg. 

The Hindu astronomers count 27 chief 
stelllar constellations or lunar man- 
sions around the ecliptic. 

Five elements are recognized, viz., 

fw, ^[, qfrg, mwm. 

Vide f[«T. 

The number of worlds ordinarily counted 
are three, viz., the upper, the lower and 
the middle worlds. 

Vide sra. 

Vide 3T3R5. 

Vide 

Generally seven of these goddesses are 
enumerated. 

Seven chief sages are usually mentioned ; 
they are, SfiWT; ' *U5T5T, 

me 

It is held that there are eleven Budr&s. 

Vide JTT%. 

Vide 
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or 

. Excellent thing*. . . 

3 

There are three excellent things for 

Jairias, viz*, 

g^i^rrrtw. 

m 

A precious gem... 

9 

Nine gems ar© usually recokned, vie., 

^5T, Iff, JimsT, 2 ®UTJT, <WW, 
w[m, grF?r, m&. 


Opening 

9 

Tii ere are nine chief openings in the 
human body. 

m 

Taste 

6 

The six principal tastes are JT V JT> 

vm, wgz, TrPffi, snrra. 


Name of a deity 

11 

Vide m. 


. Form or shape ... 

1 

Everything has its one only shape. 

c55W 

. Attainment ; 

attainment of the 

nine powers. 

9 

The nine powers to be attained arc 

wm- 

^TW3f im, 3{^c!?R, 

55^r 

Attainment 

9 

Vide. 555 ^ , 

§SJs5 


0 



World 

3 

Vide 'flSFF. 

<» 


The eye 

2 

Vide 

g4 

.... 

6 

These deities are considered to be eight in 

cfll 

A class of Vedic 

8 

s» 

deities. 


number. 

m 

Fire 

3 

Vide 3TR*T. 


Elephant 

8 

Vide f*T. 

SfTTW . 

Ocean 

4 

Vide SffS'-T. 

faf 

The moon 

1 

Vide %*%* 

r%i% • 

Ocean 

i 

Vide 

Fmfofw. 

Ocean ■*>’ 

4 

Fide 


Object of sense... 

5 

The objects cognizable by the five organs 


of sense are five.. viz,. 
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ft* ... 

A group o£ Vedic 
deities. 

13 

This group of deities is said to consist 
of 13 members. 


Sky 

0 

fid?, 3T*PcT* 


The Vedas 

4 

There are four Vedas, 35^* 

wm. 

sNfht ... 

Fire ••• •• 

3 

Vide SfffcT. 


An unwholesome 
addiction. 

7 

Seven such addictions are prohibited in 
the case of kings. 

o2fT$T 

Sky 

0 

Vide 3R5?r. 

m 

Act of devotion 
or austerity. 

5 

Vide 

wgx ... 

Name of Rudra... 

11 

Vide SpT* 

<*> 

Arrow 

5 

Vide Q. 

srcnrc ... 

The moon 

1 

Vide %%. 

SRESTS^T 

The moon 

1 

ride 

3RfT|F ■' 

The moon 

1 

Vide 

3ff5FE. ... 

The moon 

1 

Vide %Vg. 

W 

Arrow 

5 

Vide Q. 

ftrflK. ..•■ 

Fire 

3 

Vide 

ftraiig^W 

The legs of a 

bee. 

6 

The legs of a bee are held to be six. 

tc5 

%r 

Mountain 

1 

Vide 


Ocean ... 

4 

Vide 

HER ... 

Ocean ••• •** 

4 

Vide 3tfS>T. 

SETfi ... 

Arrow ... 

6 

Vide 

ftpy - 

Elephant 

8 

Vide 

ff 

The sun ... 

12 

Vide 

#Rf — 

... 

The moon •«« 

Elephant 

4 

8 

VUe frS. 

Vide 

■wc 

A note of the 

musical scale. 

7 

Seven notes are recognised in the Hindu 
musical scale, ft* 
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m 

«»* . Horse »»» . : «•» 

7 

& 

... Nam® of Budra ... 

11 


... Siva’s ©yes 

3 


I*T3f ... 

Fir© ... 

3 

frm ... 

Fire 

... 3 

FfJRfR ... 

The moon 

... 1 

- 

The moon 

... 1 

fluff ... 

The moon 

... 1 


Vide 3FJL 
Vide 

Siva is said to have one extra eye in the 
middle of the forehead making up three 
in alL 

Vide arfcr. 

Vide 3TR*T. 

Vide 

Vide 

Vide V5* 
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APPENDIX II. 


SANSKRIT WORDS USED IN THE TRANSLATION 
AND THEIR EXPLANATION. 


Abddha 

Adhaka 


Adidhana ... 


Adimisradhana 


Agaru 

Amla-vetasa 

Avndghawrfa 

Ama 

AwiamMa ... 
Amsavarga , ... 
Angara sira 


Antdrdmlambaka . 


Segment of a straight line forming the base of a 
triangle or a quadrilateral. 

A measure of grain. Vide Table 3, Appendix IV. 

The vertical space required for presenting the long 
and the short syllables of all the possible varieties 
of metre with any given number of syllables, the 
space required for the symbol of a short or a long 
syllable being one angula and the intervening 
space between each variety being also an angula. 
See note to VI — 33 3 J to 336$'. 

Each term of a series in arithmetical progression is 
conceived to consist of the sum of the first term 
and a multiple of the common difference. The 
sum of all the first terms is (‘.ailed the Adidhana. 
See note to II — 63 and 64. 

The sum of a series in arithmetical progression 
combined with the first term thereof. See note 
to II — 80 to 82. 

A kind of fragrant wood ; Amyria agcdioeha. 

A kind of sorrel ; Rumex vesicarius . 

Kame of a king ; lit ; one who showers down truly 
useful rain. 

A measure of weight in relation to metals. Se& 
Table 8, Appendix IV. 

Square root of a fractional part. See note to IV — 3. 

Square of a fractional part. See note to IV— -3. 

An auxiliary science. 

A measure of length ; finger measure. See I — 25 to 
29 also Table 1, Appendix IV. 

Inner perpendicular; the measure of a string 
suspended from the point of intersection of two 
strings stretched from the top of two pillars to a 
point in the line passing through the bottom of 
both the pillars. 
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Aniyadhana ... ... The last; term of a series in arithmetical or 

geometrical progression, 

Ann ... A tom or particle. See stanzas 25 to 27, Ob&ptei I 

and Table l, Appendix IP. 

Ari&tanemi ... ... Name of a Jaina saint ; one of the 24 Tirthankarau, 

Arbuda ... ... ... Name of the eleventh place in notation. 

Arjuna ... ... ... Name of a tree; Terminalia Ar jurat, W. & A. 

Asita ... ... ... Name of a tree ; Grislea Tomeniosa, 

A&oka ... ... Name of a tree $ Jones i a Asokci lloxb. 

Ann dr a — Aundraphala A kind of approximate measure of the cubical con- 

tents of an excavation or o ( a solid. See note to 
VI II ~2. This kind of approximate measure is 
called Anttra by Brahmagupta. 

Avali A measure of time. Fide Table 2, Appendix IV, 

Ay ana ... ... ... Do. do. 

B tja ... ... ... Literally seed ; here it is used to donote a set of two 

positive integers with the aid of the product and 
the squares whereof, as forming the measure of 
the sides, a right angled triangle may be cons- 
tructed. Vide note to VII— 20£* 

Bhdga A measure of baser metals. Vide Table 6, Appendix * 

IV. 

A simple fraction. 

A variety of miscellaneous problems on fractions. 
See note to IV— 3. 

BM'gabMga A complex fraction. 

Bhdgdbhydm A variety of miscellaneous problems on fractions. 

See note to IV— 3, 

BMgaMra ... Division. 

Bhagamatr ... .. Fractions consisting of two or more of the varieties 

of Bhdga , Prabhdga, Bhdgabhdga, Bhigdnubandha , 
and Bhdrjdpavdha fractions. See note to III — 138. 

BMgdnubandha ... Fractions in association. Vide note to III — 113. 

Bhdgdpavdha, Dissociated fractions. See no to to III — 128, 

Bhagasadwarga ... ... A variety of miscellaneous problems on fractions. 

See note to IV— 3. 

B'hdjya The middle one of the three places forming the cube 

root group ; that which has to he divided. See 
note to II — 53 and 54. 

BMra ' ... ... A measure of baser metals. Fide Table 0, Appendix 

IV. 


8 Hnnadrsya ... ... A variety of miscellaneous problems on fractions. 

See note to 1 7—3. 
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Bh innakutlikara ... 

Cakrikdhhanjana ... 

Gampaka 

Ohandas 

Citi 

Citra-kuttiMra 
Citra-kuttiM ramis ra 

Banda 

Basa 

Daia-koti ... 
Basa-iaksa ... 

Basasahasra 
Dharana 

Dinara 

Braksum 

Brdna 

Bunduka ... 

Bviragrasesamula 

Bka 

Qandaka ... 

Ghana 


Ghanamula 
: Qhatl 
Qunakdra ... 
Qmadhana 


Proportionate distribution involving; fractional 
quantities. See footnote in page 125, 

The destroyer of the cycle of recurring rebirths j 
also the name of a king of the Bastrak&ta dynasty. 

ISTame of a tree bearing a yellow fragrant flower 
Michelia Champ aka. 

A syllabic metre. 

Summation of series. 

Curious and interesting problems involving propor- 
tionate division. 

Mixed problems of a curious and interesting nature 
involving the application of the operation of 
proportionate division. 

A measure of distance. Vide Table 1 of Appendix 
IV. 

Tenth place. 

Ten crore. 

'fen lakhs or one million. 

Ten thousand. 

A weight measure of gold or silver ; Vide Tables 4 
and 5 of Appendix IV. 

A weight measure of baser metals. Vide Table 6 of 
Appendix IV. Also used as the name of a coin. 

A weight measure of baser metals. Vide table 6 of 
Appendix IV. 

A measure of capacity in relation to grain. Vide 
Table 3 of Appendix IV. 

h r am e of a tree. 

A variety of miscellaneous problems on fractions. 

Unit place. 

A weight measure o£ gold. Vide Table 4, A ppendix 
IV. 

Cubing j the first figure on the right, among the 
three digits forming a group of figures into 
which a numerical quantity whose cube root is 
to be found out has to be divided. See not© to 
Il~ — 53j 54. 

Cube root. 

A measure of time. Vide table 2 of Appendix IV, 

Multiplication. 

The product of the common ratio taken as many 
times as the number of terms in a geometri- 
cally progressive series multiplied by the first 
term* See note to II— 93 r 



Qmfc t 


Rasta . ■ ... 

EinUUa 

IcchS 


In&ranlUi , 
Jamlytt 

Janya ... 


Jinas 


JinapaU . , . . . 
Jina-mnti ... 

, - Fare? ha m a «a , ; . . 


Kadamha 

JfaZaT 


Kalasavarna 

Karmae 


Karwuiniika 


Karsa 


Kdrmpana 
Ketaki 
Khan 
Khar v a 
Ki?kvt> 

Kofi 

ATrAsh 

Krmdgaru ... 


KrH 

Ksdpapada 
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A weight -measure of gold or ■ silver. Vide Tables 4 
and 5 of Appendix IV. 

A measure of length. Vide Table 1 of Appendix IF. 

Ha me of a tree ; Phsenix or Mate Paludma* 

That quantity in a problem on Itule-of-Three in 
relation to widen something is required to bo 
found out according to the given rate. 

Sapphire, 

Name of a tree : Eugenia Jarnhalona . 

Trilateral >nd quadrilateral figures that may. . bo':.: 
derived out of certain given data called Ifijas. 

The great teachers of the Jaina religion j the Jaina 
Ttrihardtarm , . 

The Chief of the Jinas, Yardhamana. 

Name of a Jaina saint j a Tlrtlumkara. 

Vardhamana, the great propagator of the Jaina 
religion and the last of the Th'thavkaras* 

Name of a tree j Nanctea Oadamha. 

A weight measure of baser metals . Vide Table 6. 
Appendix IV. 

Fraction. See footnote on page 38. 

Consequence of acts done in previous births. Ac* 
cording to Jainas the Karma s? are of eight 
kinds. See under in Appendix I. 

A kind of approximate measure of the cubical 
contents of an excavation or of a solid. See note 
to Chapter VIII — 9.. 

A weight measure of gold or silver. Vide Tables 
land 5, Appendix IV. 

A Karsa. . ' ■ 

Name of a tree ; Pandamis Qdoratissimus. 

A measure of capacity in relation to grain. 

The 13th place in notation. 

A measure of length in relation to the sawing of wood, 

Grore, the 8th place in notation. 

A numerical measure of cloths, jewels and canes. 
Vide. Table ‘7, Appendix J V. 

A u ensure of length. Vide Table X of Appendix IV. 

A kind of fragrant wood ; a black variety of Agalh- 
chxmi. 

Squaring. 

Half of the difference between twice the first term 
and the common difference in a scries in arithmeti- 
cal progression. 


1 
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The 21st place in notation. 

The 23rd place in notation. 

The 17th place in notation. 

A measure of capacity in relation to grain 
Table 3 of Appendix IY. 


Keityd 

Ksohha 

Ks-om 

Kudaha or Kudaba 


Kumbha 

Kuhkurm 


The pollen and filaments of the flowers of saffron, 
Croeus saiivus. 

Name of a tree ; the Amaranth or the Barleria, 

Name of a tree ; Wrightia Antidysenienca, 

Proportionate division. See VI ~79§. 

Quoth nt or share. 

Lakh, the 6th place in notation. 

The place where the meridian passing through 
Ujjain meets the equator. 

A measure of time. Vide Table 2 of Appendix IV, 

Name of a tree, Bassici Latifolia. 

The middle term of a series in arithmetical progres- 
sion. See note to II — 63. 

The 14th place in notation. 

The 22nd place in notation. 

The 24th place in notation. 

The 38th place in notation. 

The 16th place in notation. 

The 20th place in notation. 

A name of Vardhamana. 

A measure of capacity in relation to grain. Vide 
Table 3 of Appendix IV. 

A kind of drum ; for a longitudinal section, see note 
to VIJ-32. 

Section j the line along which a piece of wood is 
cut by a saw. 

A weight measure of silver. See Tables 5, Appendix 


Kuravaka 

Kuta-ia 

Kutfikdra 

Ldiha 

Lalcsa 

Lanka 


Lava 

Ma&huka ... 
ffladhyadhana, 


Mahdkharva 

Mahdksityd 

MaMksobha 

Makdksom 

Mahapadma 

MaMsahkha 

MaMvira .. 

Mdrii 


Mardala 


Mdrga 


Name of a fabulous mountain forming the centre 
of JambdUvIpa, all planets revolving round it. 

Mixed sum. See note to II — 80 to 82. 

A kind of drum $ for a longitudinal section, see note 
to VIII— 32. 

A measure of time. Vide Table 2, Appendix IV. 

The topside of a quadrilateral. 

Square root ; a. variety of miscellaneous problems on 
fractions. Vide note to IV — 3, 

Involving square root ; a variety of miscellaneous 
problems on fractions. Vide note to IV— 3 


Misradhana 

Mrdahga 


Muhurta 

Mulcha 

Mula 


MulamUra 
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Mu-raja 
Nandyava? la 

Nampala ... 
MUoipala . ... 
Niruddha ... 
Ni&'lca 

Nyarhida .... 
Pd da . . .,V 

Padma 
Padmard ga . 
Paimcika ... 

Paksa 

Paal 

Pam 

Panava 

Paramdm . , 
parikarman 
Pdrsva 
Fatal 1 

Pattikd 

Phala 


Plaksa 

Prahhdga ... 
Prokirnaka ... . 
Pral'fdpaka 
Praksepdka-karam 
Pramdna ... 

PtapurmiM . \ 

Prastha 

Pratyutpanna 


APPENDIX If. 

... : A kind of drum 5 sawo as Mrdafiga 

Name of a palace built in a. particular form, See 
note to VI — 332$. 

... King; probably name of a king. 

... Blue water-lily. 

. . . ' Least common multiple. 

.... ■ A golden coin. 

... The 12th place in notation. 

... A measure of length. Fide Table 1 , Appendix IV, 

... The 15th place in notation. 

... A kind of gem or precious stone. 

... Relating to the devil $ hence very difficult or com- 
plex. 

... A measure of time. Fide Table 2 of Appendix IV. 

... A weight measure of gold, silver and other metals. 
Vide Tables 4, 5, 6 of Appendix TV. 

... A weight measure of gold ; vide table 4 of Appendix 
IV ; also a. golden coin. 

... A kind of drum ; for longitudinal section see note 
to VII— 32. 

... Smallest particle. Vide Table I, Appendix IV. 

... Arithmetical operation. 

.. A Jaina saint ; one of the Tlrthankaras. 

A tree with sweet-scented blossoms ; Bigmnia 
Suaveolens. 

A measure of saw-work. Vide Table 10, Appendix 
IV j also note to VIII — 63 to 67$. 

... A given quantity corresponding to what has to be 
found out in a problem on the Kule*of-Three. 
See note to V — 2. 

... Name of a tree ; the waved-leaf fig-tree, Ficus In - 
fectoria or Beligiosa. 

... Fraction of a fraction. 

... Miscellaneous problems. 

Proportionate distribution. 

... An operation of proportionate distribution. 

. A measure of length. Vide Table 1 of Appendix IV. 
The given quantity corresponding to Iccha, in a 
problem on Buie- of* Three. See note to V — 2* 

... Literally, that which completes or fills • here, baser 
metals mixed with gold ; dross. 

... A measure of capacity in relation to grain. Hd§ 
Tables 3 and 6 , Appendix IV. 

... Multiplication.' 
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Pravartikd 
Punndga ... 

P urmia 

Pusyardga 
Eatharenu 
Romafaf purl 
Rta, 

Sahosra > 

8 aka, 

Salad a leutfiM ra 

Sdla 

Sallakt 

Samaya 

Sankalita .. 

Sankha 

Sankramam. 


S abler dmi 

Sdnti 

Sarala 

Sdraea 

Sdrasahgraha 


Sana 

Sarva&kamt 


j§ata 

$atakopi 

Satera 

S&m 


Sfemmula , 
Siddhapun 


A measure of capacity in relation to grain. 

Name of a tree ; Rottleria Tinctoria. 

A weight measure of silver. Vide Table 5, Appendix 
IT ; probably also a coin. 

A kind of gem o: precious stone. 

A panicle, ■ Fide Table. 1, Appendix IT. 

A place 90° to the west g£ Lanka. 

Season, here used as a measure of time, fide 
Table 2, Appendix IT. 

Thousand. 

The teak tree. 

Proportionate distribction, in which fractions are 
not involved. 

The sal tree ; Shorea Eobusta or Valeria Robusta. 

Name of a tree ; Bosivellia TJiuri/era . 

A measure of time. Vide Table 2, Appendix IT. 

Summation of series. 

The 19th place in notation. 

An operation involving the halves of the sum and the 
difference of any two quantities. See note to 
VI— 2. 

The passage of the son from one zodiacal sign to 
another. 

Name of a Jaina saint. See Jina-Sdnti. 

Name of a tree ; Finns Longifolia. 

A kind of bird. 

Literally, a brief exposition of the essentials or 
principles of a subject ; here, the name of this 
work on arithmetic. 

Name of a tree 5 same as the sal tree. 

The sum of a series in arithmetical progression. See 
note to II — 63 and 64. 

A hundred, 

A hundred crores. 

A weight measure of baser metals. Vide Table 6, 
Appendix IT. 

The terms that remain in a series after a portion of 
it from the beginning is taken away. See note 
on page 34. 

A variety of miscellaneous problems on fractions. 
See note to IT — 3. 

A variety of miscellaneous problems on fractions, 
See note to IT — 3, 

The antipodes of Lankcu 
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Those who have attained to the highest position in 

' regard to spiritual knowledge. 

A measure of capacity in relation to grain, Vide 
Table 3 of Appendix JET. 

One of the three figures of a cubic root group* See 
note to II — 58 and 54, 

A lay follower of Jainism. 

Name of a tree 5 Premna Spinosa , 

A measure cf time. Vide Table 2, Appendix IT. 

Accurate measure of the area or of the cubical: 
contents. 

Proportionate distribution as applied to problems 
relating to gold. 

Name of a Jaina saint ; one of the TtrihanharcLS. 

A gold coin. 

The argument of 1 may be.’ See footnote on page 2/ 

Name of a tree ; Xanthoc hymns Pict^rius. 

Name of a tree with beautiful flowers. 

Porch See note to VI — 1. 

The 24 famous Jaina saints and teachers. See note 
to VI— 1 . 

A particle. Vide Table I, Appendix IF. 

Name of a chapter iu Sanskrit astronomical works. 
See footnote on page 2. 

A weight measure of baser metals. 

A di-deficient quadrilateral. See note to VII — 37. 

A measure of time. Vide Table 2, Appendix IF. 

The water-lily flower. 

The sum of all the multiples of the common differ* 
ence found in a series in arithmetical progression. 
See note to II — 63 and 64. 

A mixed sum obtained by adding together the 
common difference of a series in arithmetical 
progression and the sum thereof. See note to II 
— 80 to 82. 

A measure of capacity in relation to grain, 

A weapon of Indra $ for longitudinal section see note 
to Chapter VII — 32, 

Cross reduction in multiplication of fractions. See 
noto to III — 2. 

Name of a tree j Mimusops Plengi. 

^ Proportionate distribution based on a creeper -like 
> chain of figures. Set note to VI— 116$. 


Si&dha ; 


Sodaiikd 


Sodhya 


Srdvaka 

Sriparm 

Stolca 

S/lJcsrnaphala 


SutVarna-kuitVcdra , 


Suvrata 

S'varna 

Sy&dm&a , 

Tama ia 

Tilaka 

Tirtha 

TJrthmkara, 


Trasarenu 

Triprama 


Tula 

Ubhay anise dha 
XJechvdsa 
Utpala 
Uttaradhana 


Uttar ami srad hana 


Vdha 

Vajra 


Vajrd pat ar tana 


Pakula 

Vallihl 

ValUMkuttiMra 
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Vardhamdna 


VargamulcL 

Tama 


Vici tra-kutti kd ra 


Vidyddhara-nagara 


Vimmakuttikdra 


Fimrnasan hr a m a na 


Vitasti 

Vrmbha 

Vyamhdrafi guia 
Vyuikalita 


Yavakoji 

Yoga 



305 



APPENDIX III. 


ANSWERS TO PROBLEMS. 


CHAPTER II. 

(2) 1152 lotuses. 

(3) 2592 gems. 

* (4) 15151 gems. 

(5) 53946 lotoses. 

(6) 9256327948 lotuses. 

(7) 12345054321. 

(8) 43046721. . ¥r ; .;v / ; 

(9) 1419147. 

(10) 111111111. * • 

(11) 11000011000011. 

(12) 100010001. 

(13) 1000000001. 

(14) 111111111 ; 222222222 ; 333333333; 144144144; 555555555 ; 660066066 ; 
777777777; 888888888; 999999999. 

(is) liuiiii. ■ ■ ' 7 r v‘ : ' A: 

(16) 16777216. 

(17) 1002002001. 

(20) 128 Dtndraa. 

(21) 73 pieces of gold. 

(22) 131 Dmaras. 

(23) 179 pieceB of gold. 

(24) 803 fruits. 

(25) 173 fruits. 

(26) 4029 gems. 

(27) 27994681 gold pieces. , . ’-.V/.::-' So’ : : : 

(28) 2191 gems. ' . '■ ; 

(32) 1; 4; 9; 16; 25; 36; 49 ; 64; 81; 325; 256 ; 826 ; 1296 ; 5626. 

(33) 114244 ; 21724921; 66530. 

(34) 4294967296; 152399025 ; 1 1108889. 4^, .' ; : 

(35) 40793769 ; 50908225 ; 1044484, 

(37) 1; 2; 8; 4; 5; 6; 7; 8; 9; 10; 24. 

(38) 81 ; 256. 

(39) 65536 ; 789. 

(40) 7979; 1331. 
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(41) 36 ! 25 ; 

(42) 333 j 111 ; 919. 

(48) Is 8; 27; 64; 125; 216; 343; 512 ;729 ; 3375 ; 15625 ; 46656 ; 456633 ; 
884736. 

(49) 1030301 ; 5GS844S ; 137388096 ; 368601813 ; 2427715584. 

(50) 9683597 ; 77308776 ; 260917139 ; 618470208 ; 1207949625. 

(51) 4741632 ; 37933056; 128024064 ; 303464448 ; 592704000; 10240.92512; 
1626379776 ; 2427715584. 

(52) 859011369945948S64. 

(55) 1; 2; 3; 4; 5; 6; 7; 8; 9; 17; 123. 

(56) 24 ; 333; 852. 

(57) 6464; 4242. 

(58) 426; 639. 

(59) 1344 ; 1176. 

(60) 950604. 

(65) 55; 110; 165; 220 ; 275 ; 330; 385; 440 ; 495 ; 550. 

(66) 40. 

(67) 564 ; 754; 980; 1245; 1552; 1904; 2304. 

(68) 4000000. 

(71) 5; 8; 15. 

(72) 9 ; 10. 

( 77 ) 2 ; 2 . 

(79) 2 ; 520 ; 10 ; when the chosen numbers are 2 and 10. 

(83) 2 ; 3 ; 5 : 2 ; 3 ; 5. 

(85) 120 ; 24 ; when the sum of the required series is twice the known snm : 
30 ; 60 ; when the sura of the required series is half of the known sum. 

(87) 46 ; 4; when the sums are equal : 36 ; 24 ; when one of the sums is 
twice the other : 44 ; 26 ; when one of the sums is thrice the other. 

(38) 100 ; 216 ; when the sums are equal : 232 ; 192 ; when one of the sums 
is twice the other : 34 ; 223 ; when one of the sums is half of the other. 

(90) 21; 17; 13; 9 ; 5 ; 1 : 25 ; 17 ; 9 ; 1. 

(92) 6; 5; 4; 3; 2; 1. 

(96) 4374 coins. 

(99) 1275 dinaras. 

(100) 68887 ; 22888183593. 

(102 j 4; 2." 

(104) 4. 

(105) 8; 9; 15. 

(111) 224 ; 201; 175; 244 ; 261. 

(112) 4836 ; 4656 ; 4200 ; 75250. 

(113) 182938; 5846. 

(114) 180; 112; 60; 40. 
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CHAPTEB III* 


(3) 


: 1 

"g“ pma. 


(4) 1-L panas. 

(5) 2 --'panas. 

(6) 2J palas. 

m 


jt 

15 ■ 


10 
21 * 


120 
143 3 


224 
255 j 


120 

133* 


(9) ponas, 

2 

(10) 17 £ jtegMa. 

(11) M^-j^Zas. 


( 12 ) 

(14) 


8 

24 

48 

80 




9 3 

25 3 

49 * 

81 * 




25 

49 

81 

258 

400 

10000 

40000 

4 ... 5 

4 3 

4 5 

9 

3 9 

3 9 

* 9 

9 

25 

49 

81 

121 

169 

225 2S9 

4 5 

9 5 

10 s * 

25 3 

36 5 

49 5 

64 81 

1 

1 

1 

1 

1 



2 5 

3~ 3 

T" 3 

5 3 

6" * 




■ <T>£- 

(17) See examples 14 and 15 in this chapter ; -t 

1 1 L JL -J_ _i 1 1 

8 * 27 * 64 * 126* 218* 843T* 612 * 729 - 

27 343 1331 3375 6859 12167 19683 

8 3 64 * 216 5 512 3 1000 5 


(19) 

59319 

8000* 

( 20 ) 


29791 42875 

1728 5 2744 3 4096 3 H583JF :i 


■ 'X$6) "In each;.of the series the first term is 1, and ;th.e. common difference in 2* ; 
„ _ ^ 4 9 16 25 ' 36 49 64 81 

* ^ ' 9 5 .16* 25 ? 36* 49* 64* 81* 100 51 : 

***. The onhes of the smns are—* ^ ^ ^ ^ 

27 1 
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8 27 64s 125 218 tb e first terms are 


i The cubic sums are — -gj, ]“25 ! 216’ 343 5 


1 3 JL JL JL; the common differences are - 

6 * 16 ’ 6 ' 24’ 14 

4 3 8 

T ! 2 ’ 5 * 


12 


JL the numbers of terms are * 

7 5 

v 8 16 
(30) y; 21 * 


12 

7 1 


1 

L L~ 

! is J "is * 

1 i 

4 ; 2' 

/ni? 5 2 
(35) ™ 5 

L 

4" 


(31) 

(32) 


(37) -y, 


S512 4108 are the interchangeable first term and common, difference 

W ~iT> 75 iec1 . QQ 

ortn{A . flnd 155U8 g in the equal sum. When the sums are 

when the sums are equal , ana 225 “ • 

in the ratio of 1 to 2, 7 -§- 2 and 2«§ are the first term and the common differ- 

. a nd the double som is When the same are in the proportion of 

iia 1342 4883 


ence 


1 to i, the first term and the common difference are =g= and ~ 


and the 


halved sum is 
341 


(42) 

(44) 


7551488 
225 # 
1 


2048 5 2048 
135 135, 

47 J 82 5 


63 

52 


(48) 


(49) 

(50) 


127 

5760 - 

11 

100 ' 

4367 


553 9367 


(51) ^2000 5 T440~ ’ 23520 
17 
2 


(52) -5?-S 21; 35 


37136 


4 2 176. 352 . 704 the 8Ums are 

(53) The first terms are 253 729 6561 

22880 , 13376 . ^ numbers of terms are 5 ; 4 ; 4. 

6561’ *6561 ' _ . . , . l 

(57 & 58) 1. 

( 60 ) 
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are the optionally chosen quantities. 
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(115) 14-| nialcas. 

(116) 0. 

(117) 3 dtonas and 3 masass. 

(118) if- 


(119) 2 

( 120 ) 1 . 


niskas. 


( 121 ) 

(123) 

(124) 


1 * 

1 

¥ ; 

_L 

7 * 


1 

10 


(127) 24 Jcarsas. 

(128) -§-• 

(129) I- 

(130) 1. 

(131) 1. 

( 13S > T> T' 

parts. 

(134) 

(137) 


when 


A 
s * 

T when i, 


. are the optionally split up parts. 


1 

12 


and A are the optionally split up 
4 


-g- are the optionally chosen fractions 


in places other than the beginning ; A when 

3 

similar fractions. 

1 

(139 & 140) 8 Up 


6 ’ 7 ’ 8 


CHAPTER IV. 


(6) 24 hasta#, 

(6) 60 beea, 

(7) 108 lotuses, 

(8 to 11) 288 sages. 

(12 to 16) 2520 parrots. 
(17 to 22) 3456 pearls. 
(23 to 27) 7560 be®s. 

(28) 8192 cows. 

(29 and 30) 18 mangoes:. 
(81) 42 elephants, 

(32) 108 pumyaz, 

, (34) 36 camels. 

(15) 144 peacock#. 


APPEBDXX III, 


811 



(86) 576 bird®. 

(87) 64 monkey®. 

(38) 36 cuckoos. 

(39) 100 swans. 

(41) 24 elephants. 

(42 to 45) 100 ascetics. 
(46) 144 elephants, 

(48) 18 bees, 

(49) 198 lions. 

(50) 324 dter« 

(53) 48 angulasn 

(64 & 55) 150 elephants. 

(66) 200 boars. 

(68) 98 or 32 vdhas. 

(89) 144 or 112 peacocks. 
(60) 240 or 120 hastas. 

(62) 64 or 16 buffaloes. 

(63) 100 or 40 elephants. 

(64) 120 or 45 peacock®. 

(66) 16 pigeons. 

(67) 100 pigeons, 

(68) 258 swan®. 

(70) 72. 

(71) 824 elephants. 

(72) 1728 ascetics. 


(3) 838 “jjp ydfanas. 

(4) «'g‘ y e0«IM. 

(6) 105600000. 


(8) 10~£T“ days. . 
(7) 8110 f years, 

(B) 9 vdhas. 


papal*, 


bbaras, 


&tn$ra$ f 
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( 13 ) 2380 - 4 " $ alas ' 

(14) 163 pairs. 

Sfl „ 

(15 & 16) 12 125 yojanas j 27 1]£“ vallas - 

(17) 112 Aronas of kidney bean ; 504 leudabas of ghee; 
448 paiis of cloth 3 336 cows ; 168 svarnas. 

169 ,, 

(18) 160 3 112 I20 Aranas, 

(19) 720 piece®. 

(20) 525 pieces. 

(21) 24 TzrtJianlcaras» 

(22) 216 blocks. 

(24 & 25) 5 years and 117 days, 

(26) 218"Tjr days, 

(27) 10 years and 2451s* ^ ajrS ‘ 

9 

(28 to 30) 351-^- days, 

(31) 76’f*' days. 

(83) 10 purdnass ; 18 purdnas 5 28 purdnas, 

19 , . 

(34) 29 •JSo'gold coins. 

(35) 36 gems. 

( 36 ) 4000 pawcta. 

(37) 250 barms. 

(38) 960 pomegranates. 

(39) 560000 gold coins. 

(40) 750 gold coins. 

(41) 54. 

(42) 262 gold coin®. 

(43) 945 vdhas. 


CHAPTEB VI. 

(3) 7 ; 5 : 4 5 5, 

(5) 9 ; 18 ; and 25— purdnas. 

(6) 17 ^rMpancis. 

(7) 51 purdnas and 14 pmm» 

( 8 ) 200 . 

8 

(9) 33-y Mrsdpanas. 

(11) 138-|“3J'arff22es, 


APPENDIX ill. 


(12) 14. 

(18) SO ; 60 ; 70. 

(15) 10 months. 

(16) 6 months. 

(17) 10 months. 

(19 & 20) 85-ip palas. 

(22) 30 j IS. 

(24) 30. 

(26) 5 months. 

(27) 5 months ; 75. 

(S8) 4|- months 31 J. 

(30) 31J-. 

(31) 60 ; 6 months. 

(32) 24 months ; 36. 

(34) 10 ; 2 1 months. 

(36) 48 ; 10 months ; 24. 

(38) 10 ; 6 ; 3 ; 15. 

(40) 40 ; 30 ; 20 ; 50. 

(41) 5 j 10; 15 ; 30 ; 30. 

(43) 5 months ; 4 months ; 3 months ; 6 months 

(45) 8. 

(46) 6 ; U . 

(48) 20 ; 28 ; SG. 

(49 & 50) 25. 

(52) 18. 

(63) 30. 

(65) 900. 

(56) S00. 

(58) 28 months. 

(59) 18 months. 

(61) 2400 ; 800; 1200 ; 96. 

(62) 1000; 420; 480; 90. 

(64) 60. 

(65) 50. 

(67) 2400 . 2720 ; 3400. 

(63) 1050; 1400; 1800. 

(69) 5100; 4590 ; 4050. 

(70) 1300 ; 119? ; 1150. 

(72 and 730 i 8 if | ; - months. 

(73* to 76) 440 ; 11 ; 5 months. 

oo -i 7 

(780 — months ; 

(800 48; 32; 24; 16. 
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(814) 3 s 8 j 27; 81 ; 243. 

(82J to 86i) 120 ; 80 ; 40 ; 160 j 60 ; 20. 

(SflJ) 48 i 72 ; 96 ; 120 ; 144. g& 

(90J and 91 1 ) 70 pomegranates ; 35 mangoes ; ~ 


(924 to &H)-. 





Curdy 

Ghee, 

Milk. 

I pot 

128 

32 

64 

' 9 

8 

9 


82 

8 

16 

(I pot 

3 

3 


64 

16 : 

32 

III pot. 

9 

, 8 

9 


(9S| and 90|) 15 men ; 50 men. 

(9S|) 4; 9i 18 30. 

(994) 8 ; 13 ; 21 ; 36. 

(1004) 2; 4; 7 ; IS; 25|. 

(1014) 16 ; 39 > 96 ; 234. 

(103|) 220 ; 37. 

(104|) 20; f- 

(1054) 6 ; 4 ; 3. . 

(the latter two having beeu optionally olioosen). 

(106 i) 8. 

(1084) 8031000 ; I860; 2231. 

(1104) 148 5 35328 ; 184. 

(1124 and 113*) fg flowers. 

(114|) --f 4 Holers. 

(1174) 5. 

(U84) if- 

(119-)) 20. 

(1204) 9. 

(12l|) 55. 

(1224) 81. 

(1234) 59. 

(1244) 39. 

(1254) 16. 

(1204) 15. 

(1274) 537. 

(1234) 13S. 

(1294) 194. . 

(1314) U. 

(132$ and 133..) 25. 

(1354)* if 
(1374) 10 S 57. 

(1384) In the ease of positive associated numbers 
21 ; 16 ; 13 ; 11 5 21 ; 19 ; 37 ; 7 ; 37 ; 6 ; g; ti 


wood apples. 


; 13 ; 5 ; 12; 1 ; 25 
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In the case of negative associated numbers : 

11 ; 18; 23 , 27;19; 23; 7; 39; 11 ; 44;J|;41 ; 51'; 46 ; 59 ; 37. 

(140|tol42i) 8; 5. 

(144! and 145|) 


I heap 

II H 
III „ 

Price 

(147| to 14®)-. 


Citrons. Plantains. Wood-apples. Pomegranates. 


14 

16 

18 

2 


3 

3 

3 

10 


3 

4 


1 

1 

1 

3 


Peacocks. Pigeons. Swans. S&rasa-birds. 


Number 7 16 45 

14 

Price in panas ~~ 12 36 

(150)™ 

Ginger, Long pepper. Pepper. 
Quantity 20 44 4 

Price in panas 12 16 32 

(152 and 153) Pams 9 ; 20 j 35 ; 36. 

(155 and 156) When the optional number is 6 


83 

14 


4 

10 

3 


71 ^ 

14 


3|7. 


When the optional number is 8 ; 5 ; 6 ; 16 ; 4. 

(158) Length of a stage 10 Yo jamas ; each horse has to travel 40 Yojanas, 
(160 to 162) 10 5 9 ; S j 5. 

(164) 20; 15 and 12. 

(165 and 166) 8 ; 20 ; 40. 

(168) 243 panas, 

2 4 2 16 40 2g SO 

(170 to 1/1|) 10!; 2l> 2l> 7 J 21 * 21 5 3~ 5 7 * 

(173|) 82. 

(174|) 87f. 

(177| and 178) 14. 

(179) 3. 

(181) 21. 


(184) 


200 100 
f “3 ’* 


(186) 20;4;4;4;4; 24. 

117 109 .... 175 . Ill 


(188) 

(190) 


16 5 10" 
12 ; 13. 


16 ’ 10' 


20 


(191) 8; 13; 10; y. 

(193 to 190|) (a) y : ~° ; ™ 5 Q > ) 

1800 800 


11 75 
I* 7 


82' 


(1984) 560 ; 448. 

(200£ to 201) ; 100 ; 


7 ’ 7 

(204 and 205) 47 ; 17 ; 34 ; 68 ; 136. 
(207 and 208) 2400. ' 


41 
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(313 to 215) 3j 2. — • 

o 5 

(217) 11. 

(219) 6 J 15; 20; 15; 6; 1: 03. 

(220) 5; 10; 10; 5; 1:31. 

(22 L) 4; 6; 4; 1 ; 15. 

(223 to 225) 10 ; 24 ; 32. 

(227) 4 jack fruits. 

(229) 2 Yojanas. 

(231 and 232) Dinaras 18 ; 57 ; 155 ; 490. 

(236 and 237) 15 ; 1 ; 3 ; 5. 

(239 and 240) 261 ; 921 ; 1416 ; 1801 ; 2109 ; 110880. 
(242 and 243) 11 ; 13 ; 30. 

(244 and 2444) 3 ; 4 ; 5. 

(245J and 247) 5177 ; 103 ; 169 ; 223 ; 23S. 

(243) 14760 ; 356 ; 585 ; 445 ; 624. 

(249 to 250|) 55 ; 71 ; 66 ; 876. 

(253| to 2554) 7 i 8 ; 9. 

(2564 to 2584) 11 ; 17 ; 20. 

(2604 and 2614) 7 ; 3 ; 2. 

(262|) 8; 12 ; 14, 15 ; 31. 

(2634) 54 ; 72 ; 78 ; 80 ; 121. 

(264|) 1875 ; 2625 ; 2925 ; 3045 ; 3093 £5187. 

(2664) 4; 7; 13. 

(267!) 12 ; 16 ; 22 5 31. 

(270 to 272|) 421; 40. 

(2744) 5 ; 8. 

(276|) 186. 

(2774) 161. 

(278-J) 

(230|) 26. 

(282! to 283) 1296 ; 1225. 

(285) (a) I ; I (6)-I ; — i. 


35. 

3 


(287) 

(289) 37. 

(291) 40; 184. 

(293) 2 ; 3. 

(295) 5 women ; 40 flowers. 

(297) 204 ; 2109 ; 2870; 73810 ; 180441 ; 16206- 
(300) 1095 ; 1624. 

(302) 441 •, 1296 ; 784 ; 105625 ; 1082146810. 

(304) 25551; 126225. 

(3064) 27663. ; ' ■ Q;/ ‘ ' 

(3084) 504 ; 732 ; 1020 ; 1375 ; 5304 5 150876 ; 273304. 



APPENDIX III. 


317 



(310*) 1563100 ; 5038869 ; 9646 s 12705 ;'114400. 

(3124 — 313) ®i®L. 

v 162’ 12288 

(315) 426. 

(316) 416348873. 

(318) 2j 3; 5 ;'40. 

(320) H 

(821 to 821 1) 24 days. 

(323|) 8* 

(325|) 6. 

(3270 25 days, 

(329J) 13 ;|9. 

(3310 55. 

(3320 620. 

(3371) For ..answer see footnote in the translation 


CHAPTER VII, 


(8) 32 sq. day das, 

(9) 866 sq. daydas and 4 sq, hastas, 

(10) 98 sq, dan das, 

(11) 1200 sq. dandas, 

(12) 3600 sq. dawias, 

(IS) 1952 sq. dmjdas. 

(1:4) 237 8 J sq. daijdas . 

(15) 8304| sq, day das. 

(18) 1925 sq. daydas. 

(17) 7425 sq. dandas* 

(18) 50 sq. hastas . 

(20) (i) 54 ; 243. (ii) 27*; 1210 
(22) 84 5 252. 

(24) 48 hastas; 195 sq. hastas, 

(26) 378. 

(27) 135, . gfl 

(29) 189 sq, hastas j 135 sq. Tiastas, 
(31) 108? 972; 30. 

(38) 1600. HI 

(34) 2,400 sq. day das, 

(35) 462 sq. damhs, . 

(36) 610 sq. day da s. 

(88) 324 sq, danda$\i 486;sq. daffias. 
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(43) m ; 3 b 

(44) 253| i 39. 

(46) 13 s 26. 

675 675 

(48) -J-S -J- __ 

(51) 4/768 sq. da nfas ; dandas V4 & ; 4 5 4. 

(£3) 60 sq. dandas ■, danfas 12 ; 5 5 5. 

(53) 84 s 12 i 5 i 9 - 

(55) V50 j 25. 

(56) 13 s 60. 

(57) 65 ; 1500. 

(58-) 312 s 288; 119; 120 s 34560. 

(59) 315 s 280 ; 48 s 252 } 132 s 168 s 224-, 18 9 s 44100. 

(6 f } ^gaio; V656WS VgOOO; 4/81000001 4/4840; 4a46410. 

(62) V3Q0~i 4/3240 i 4/3240 i 4/262440. 

(04«) VGOS&'i V 54432. 

(66|) 4/2560 dandas ; 4/42250 sq. dandas. 

(6S |.) 4/39690 sq. dandas-, V* 20250 sq. dandas. 

(69|) V 31360 sq, dandas . 

/ 7 1 |\ 4 /IB 0 sq. dandas. 

(75|) 4/360 ; 12 » 6. 

( 77 '|) 192 + 4 / 23010 . 

(78|) 

(79|) 192— V 23040. 

a/ 19360 /J5840 . V 4810^ 

(81|) g ' * ”~~9~ 5 9 

(S 3 £) 16 -yieo. 

(85-|) 4/48 - 4/40* 

(8 7J) 16 , 12 ; 48. 

(89|) 20 ; 8. 

. (91§) 3; 4; 5, 

(92|) 5; 12; 13* 

(94|) 16; 30; 34 # 

(96|) 5 ; 3 ; for the t&ree cases. 

1 98?A (i) 60; 61. 



(Ill*) 13 s 16 j 14 ; 12. 
(113*) 4;_1. 

(114*) V2-, %. 

(115*) 85 3. 

(118*) 3 ! ^Z' 

(117*) 32; (perpendicular 24) 


(119*) jg; (perpendicular jg). 

( 121 *) 3 ; 8 . 

(12S* and 124*) 39 j 52 ; 25 ; 60 ; 33 ; 66 ; 63 ; 16. 

(126*) 5 , 12. 

(128*) 5; 12. 

(130*) 25 ; 60. 

(134) 8; 15; 3; 20. 

(135) 8 ; 7 ; 2 ; 28. 

(136) 32 ; 87 ; 6 ; 232. 

(138) 37; 24; 28 ; 40. 

(139) 17 ; 16 ; 13 ; 24. 

(140) 625 ; 672 ; 970 ; 1904. 

(141) 2S1 ; 320 ; 442 ; 880. 

(143 to 145) Circle: 25920 ladies; 720 dandas. Square : 34560 ladies; 720 
daridas. Equilateral triangle : 38880 ladies ; 1080 dandas. longith 

quadrilateral : 38880 ladies ; 1080 dmitfas ; 540 dandas. 

(147) (i) Side 8 

(ii) Base 12 ; perpendicular 5. 

, 13 13 1 . 41 

(149) 3 ; ‘g'j 12 ’ 12 » 

(161) 13; 13; 13); 3; 12. 

(153 to 153*) S ; 16 ; 11 ; 12. 

(155*) Vi§ 

(157*) 5; 6; 4. 

„ 45 89 316 


j 
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(172|) 10; 13. 

61 34 56 

(174|) Sides j; top-side -j ; base -g. 

(176) 17. 

(177| t0 178 |) ( a ) 3S0 0 ; 7200 ; 10800 ; 14400 ; (6) 54 ; 90 ; 126 s .162 ; (c) 100 ; 
100 ; 100 ; 100 . 

(179J) (<i) 2700 ; 7200 J 4500 ; (b) 50 : 70 ; 80 ; (e) 60 j 120 ; 60. 

(181'!) 8 hastas ; 8 hast as. 

54 30 t 90 , 4 

(182|) "j hastas j y Pastas ; y 

(183| and 184}) 3 tatas ; 6 hastas ; 9 ftastos. 

28 

(185!) 7 hastas ; 7 has£aa j -g hastas. 



hastas. 


(186!) J hastas; ^ 

(187|) S hastas ; 12 Pastes ; 

(188! and 189|i 8 hastas; 2 
(191“|) 13 hastas. 

(192|) 29 hastas. 

(193| to 195|) 29 hastas ; 2i hastas. 

(197|) 10 hastas. 

(199| to 200!) 12 ydjanas ; 3 tfojqwss. 

(204| to 205) 9 hastas; 5 hastas; 4/250 hastas. 

(206 to 207-|) 6 ydjanas; 14 ydjanas ; 4/520 ydjanas < 
(208! to 209|) 15 ydjanas ; 7 ydjanas. 

(211! to 212!) 13 days. 

(214|) VIS; 13. 

65 

(2154) -• 

„ 125 
(216J) -j-. 

(2174) 65. 

169 

(2184) 4/48; -jj. 


Oblong : 5 ; 12. Quadrilateral with two equalsidea 


(922!) Square: 


Quadrilateral with three equal sides 


top-side 


top -aid© 


Inequilateral quadrilateral : sides 


Isosceles triangles sides It 


5 ; base;i2. Equilateral triangle 


Scalene triangle : sides, 12 
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' 82 i 


108 

(224£) Square, 3. Quadrilateral with two equal sides : -yj-v Quadrilateral 
512 . 441 

with three equal sides : -jg-. Inequilateral quadrilateral i *jj*. Equilateral 
_ 20 

triangle : Vl 2. Isosceles triangle ; . Scalene triangle : 8. 1 Hexagon : 

^ the area of the same is taken as V 48 in accordance with the rule 

given in stanza 86-|- of this chapter. 

(226-|) 8. 

(228|) 2. 

(23Gjr) 10. 

(232|) 6 | 2. 
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(5) 512 cubic hastas* : ww : 

(6) 18560 cubic hastas, 

(7) 144320 cubic hastas. 

(8) 162000 cubic hastas, 

(12|) 2928 cubic hastas. 

(13-J) 1458 cubic hastas; 1476 cubic hastas; 1464 cubic Aasfos.' 
(14|) 2916 cubic Tuzstas j 2952 cubic Aoaias ? 2928 cubic Atwias. 
(15-|) 3360 cubic hastas. 

98980 


(I6f) 


- cubic hasias* 


(17J) 16100 cubic hastas, %v ; : - i' : 

(18f) 18283i cubic hastas, '/Wz&ii, 

(21i) (i) 3024 cubic tadas $ 8024 cubic dandas ; 4032 cubic dmitim; 
(ii) Central mass is tapering j 1488; 1488 ; 1984 cubic dandas 
fe032,;' 1984 cubic daydas, rhbby 
40 cubic hastas,' . v : 


(24*). 

(25$). 

(27$). 

( 29 $). 

(31*). 

(34). 


16 hasias, 

12 j 80. 

2304 j 2073 f. 

V’720 ; VW 
1 2 £ 
14 0f a da 7’ 14’ S’ 


14 


of the well. 


(35 and 36). 13 yojanas, and 976 clmdas * 39 ivdhaa> 
(87 to 38#). 17 yojanas, l hr os a and 1968 dandas. 

; (3©Jand'40$J. ; : 26 yearns and ' 1952 ' dardas. 

(41 J and 42£). 8 yojcmas, 2 h osas and 488 dandas 
(45-|). 6912 unit bricks. 

(46£). 3456 unit brick®. 
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(474). 

(48|). 

(«»• 

( 504 ). 

( 51 - 1 ). 

( 534 ). 

(55|). 

( 56 |). 


5184 unit "bricks. 

108000 unit bricks# 

40320 unit bricks. 

40320 unit bricks. 

20736 unit bricks. 

1440 unit brick. I 2880 unit bricks. 
2640 unit bricks j 1880 unit bricks. 
2880 unit bricks ; 1440 unit bricks. 


19 

(58|). 20; -g 

(59-60). £91 unit bricks. 
(62). 18,720 unit bricks. 

(684). 64 pat&ta*. 


CHAPTER IX. 

(94). § of a day. 

(114). 3fgtef*s 

(i34). h oia day ‘ 

(144). 2. ■ 

(164 to 17). | of a day ; 10 steps. 

(19). 8 ahgulas. 

( 22 ). 16 hastas. 

(24) . 8 hastas. 

(25) . 2. 

(27). 20 hastas. 

(29). 10. 

(31). 5 5 50. 

(34»). 5 hastas. 

1 

(35 to 374). x§ of a day ; 8. 

(384 and 394). Bhasta3 ’ 

(4,14 to 42). 24tegu las. 

(44). 32 aiigulas. 

(46 and 47). 112 angulas. 

(49). 175 foot-measures. 

(30). 100 foot-measures. 

($1 to 52 |). 100 yojanas. 
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TABLES OF MEASURES. 


1. LINEAR MEASURE. 


Infinity of Paramdnus 
8 Anns 
8 Trasarmus 
8 Ratharenus 
8 hair-measures 
8 louse-measures 

; 8 sesamum-measnres ' 

8 barley-measures 
600 Vyavaharangulas 
6 Angulas (finger-measure) 
2 feet 
2 Yitastis 
4 Eastas 
2000 Bandas 
4 Kroias. 


=s 1 

» X Trasarenu . 

= X Ratharenu . 

= X hair-measure. 

= 1 louse-measure. 

= 1 sesammn-measure or mustard* 
measure. 

= 1 barley- measure. 

= 1 angula or YyavaMrangula. 

= 1 Pramdna or Pramdmngula , 

= X foot- measure (measured across). 
5 = X Vifcwii. 

= X Hasta. 

= 1 Banda, 

==s X Kroia. 

= 1 Yojana, 


%. TIME MEASURE. 


Infinity of Somayas 
. A number of Avalis . 
7 Vcchmsas 
7 Boikas 
88| 

2 Ghafts 
30 M%hurta$ 

IB da y» 

2 Paksas 
■: 2 months 

3 

2 Amenta# 


« 1 Avail. 

: 1 Ucchvdsa . 
; X fiftrlfca. 

: 1 toa. 

. X <3?W«. 

: X MuMrta, 
i 
1 

X month. 

x 

1 At/ona* 
l ye*r* 


324 ganitasarasangraha. 

S. MEASURES OF CAPACITY (GRAIN MEASUREMENT). 


4 Sodasikas 


*= 1 Kudaha, 

4 Kudahas 


= 1 Prastha . 

4 Prasihas 


= I Adhdka . 

4 Adhakas 


= 1 2>m?a. 

4 Drones 


= 1 Mdni. 

4 Mdnts 


= 1 Khan . 

.5 Khans 


= 1 Pravartikd. 

4 Pravariikds 


«= 1 7«Aa. 

5 Pravariikds 


= 1 Kumbha. 


4. MEASURES OF 

HEIGHT— GOLD. 

4 GandaJeas 


= 1 Gunjd e 

5 Gunjds 


=ss 1 Pane, 

8 Tanas 


= 1 Dharana. 

2 D&arawas 


= 1 Katsa. 

4 Karlas 


=ss 1 PaZa. 


5, MEASUEE3 OF 

WEIGHT — SILVER. 

% Grains 


= 1 Gunjd. 

2 Gunjas 


= OL Mas a. 

16 Md?a* 

s 

ss= 1. Dharana. 

21 Dhararias 

c ^ 

==■• 1 Karsa or Pur ana. 

4 Karsas or Purdnas 

ssjs 1 PaZa. 

6. MEASURES OP WEIGHT— OTHER METALS. 

4 Fades 


=f 1 JMa. 

6J Kalds 


= 1 Taw. 

4 Tavas 


= 1 Aws«. 

4. Andes 


-= 1 Bhdga . 

6 BMgas 


= 1 Draksuna, 

2 Drakmnas 


= 1 Dinara. 

% Dinaras 


= 1 Satera . 

12| PaZas 


== 1 Prastha . 

200 PaZas 


sss 1 2W. 

io iws 


== 1 Bhdra. 


7. MEASUREMENT OF CLOTHES, JEWELS AND CANES. 


20 pair# 


= 1 Kofilcd. 


APPENDIX IT. 


8. EARTH MEASUREMENT. 

1 cubic Easta of compressed earth = 3600 Palas . 
I cibic Hasia of loos© earth = 3200 Palas. 

9, BRICE MEASUREMENT, 

Brick of 1 hasta x J _Hasta x 4 
Awgulas = Unit brick. 



10. WOOD MEASUREMENT. 

1 Basla and 18 ahgulas =» 1 Kisku. 

Work done in cutting atong by means 
of a saw a pie«e of wood 96 Angw> 
las long and i Kisku broad = 1 Pattika. 

11. SHADOW MEASUREMENT, 
f of a man’s height = his foot measure. 





